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C h a p t e r I 
GENERAL INTRODUCTION 
SPIKE-WAVE DISCHARGES IN RATS 
In the EEG of roden t s , sp ike -wave d i scha rges a re a qui te common 
phenomenon. There have been s eve ra l r e p o r t s on th i s phenomenon in 
outbred a s well a s inbred s t r a i n s of roden t s , s ince Vanderwolf 
(1969) descr ibed sp ike -wave d i scha rges in r a t s (Kleinlogel 1975; 
Kaplan et aL 1979; Robinson and Gilmore 1980; Semba et aL 
1980; Vergnes et aL 1982; Van Lu i j t e l aa r and Coenen 1986; 
Buzsáki et al. 1988). Behavioral and e lec t rophys io log ica l 
c h a r a c t e r i s t i c s accompanying sp ike -wave d i scha rges s u g g e s t t h a t 
t he se d i scha rges in roden t s in genera l can be used a s a model of 
absence ep i lepsy (Vergnes et aL 1982; Kaplan 1985; Van 
Lui j t e laa r and Coenen 1986; Buzsáki et al. 1990b). 
I nves t i ga t i ons of sp ike -wave d i s c h a r g e s have been fac i l i t a ted by 
the r ecen t d iscovery of inbred s t r a i n s of r a t s in which all 
individuals show sp ike -wave d i scha rges (Van Lui j t e laa r and Coenen 
1987; Buzsáki et al. 1990b) and by the development of a s t r a i n of 
affected r a t s obta ined by se l ec t ing and c rossbreed ing r a t s of an 
outbred s t r a i n in which 30 % of r a t s show sp ike -wave d i s cha rges 
(Vergnes et aL 1986). The r e s u l t s of all t h e s e r e s e a r c h e s with 
r e s p e c t to pharmacological , behaviora l and gene t i c c h a r a c t e r i z a t i o n s 
of the sp ike -wave d i scha rges a l so suppor t the view t h a t the an imals 
which have s p i k e - w a v e d i scharges can s e r v e a s a model of absence 
epi lepsy (Coenen and Van Lui j t e laa r 1987; P e e t e r s et aL 1988, 
1989, 1990; Van Lu i j t e l aa r and Coenen 1986, 1989; Marescaux et 
aL 1984; Warter et aL 1988). 
Ini t ia l ly , animal resea rch on absence ep i lepsy has focused on 
a r t i f i c ia l induction of t h a t d i so rde r by drugs , such a s penicil l in 
in c a t s or conjugated es t rogen in monkeys (Gloor et aL 1979; 
Mirsky et aL 1973). Different gene t i c animal models have been 
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reported a s w e l l , but they r e p r e s e n t a n o t h e r type of e p i l e p s y 
induced by p h o t i c s t i m u l a t i o n in b a b o o n s (Papio p a p i o ) or by an 
audi tory s t i m u l u s in r a t s (Consroe et aL 1979; Naquet and 
Meldrum 1 9 7 2 ) . In c o n t r a s t , the r e c e n t l y i d e n t i f i e d s t r a i n s of r a t s , 
ment ioned above , which are c h a r a c t e r i z e d by s p o n t a n e o u s s p i k e - w a v e 
d i s c h a r g e s , have the a d v a n t a g e of b e i n g a g e n e t i c a l l y d e t e r m i n e d 
model for a b s e n c e e p i l e p s y ( J a s p e r 1 9 9 1 ) . 
ABSENCEEPILEPSY 
The e p i l e p s i e s are s u b d i v i d e d i n t o two major groups: the p a r t i a l 
e p i l e p s y and the g e n e r a l i z e d e p i l e p s i e s . Part ia l e p i l e p s i e s have 
t h e i r o n s e t in a c ircumscr ibed part o f the brain, w h i l e in the 
g e n e r a l i z e d e p i l e p s i e s both h e m i s p h e r e s are s y n c h r o n o u s l y i n v o l v e d 
r ight from the o n s e t . The g e n e r a l i z e d e p i l e p s i e s , in turn, compr i se 
d i f f e r e n t s y n d r o m e s e.g. a b s e n c e e p i l e p s y which c o n s t i t u t e s a minor 
form of g e n e r a l i z e d e p i l e p s y , e p i l e p s y wi th g e n e r a l i z e d t o n i c - c l o n i c 
s e i z u r e s , and m y o c l o n i c e p i l e p s y . 
Absence e p i l e p s y s e i z u r e s in man are c h a r a c t e r i z e d by a s u d d e n 
o n s e t and a s u d d e n end of 3 Hz s p i k e - w a v e c o m p l e x e s accompanied wi th 
u n r e s p o n s i v e n e s s and s o m e t i m e s minor motor phenomena such a s 
m y o c l o n i c j e r k s and e y e bl inking. P e n f i e l d and J a s p e r (1947) 
s u g g e s t e d t h a t the s p i k e - w a v e d i s c h a r g e s o r i g i n a t e in the 
" c e n t r e n c e p h a l i c area" in the brain, e x t e n d i n g from the upper 
b r a i n s t e m to the d i e n c e p h a l o n and inc luding the d i f f u s e cor t i ca l 
p r o j e c t i o n s . This a r e a i s a l s o c o n s i d e r e d to be a v i t a l area f o r the 
m a i n t e n a n c e and contro l o f c o n s c i o u s n e s s . The c e n t r e n c e p h a l i c theory 
i s s u p p o r t e d by e x p e r i m e n t a l e v i d e n c e . In c a t s , 3 Hz e l e c t r i c a l 
s t i m u l a t i o n o f the in tra laminar t h a l a m u s p r o d u c e s an a c t i v i t y t h a t 
r e s e m b l e s n a t u r a l l y occurring s p i k e - w a v e p a r o x y s m s in p a t i e n t s 
( J a s p e r and D r o o g l e e v e r - F o r t u y n 1947; Hunter and J a s p e r 1 9 4 9 ) . 
In h i s c o r t i c o - r e t i c u l a r theory. Gloor (1977 , 1979) s u g g e s t e d 
i n s t e a d , t h a t the cor tex p l a y s an e s s e n t i a l ro l e in the g e n e r a t i o n 
of s p i k e - w a v e d i s c h a r g e s . In c a t s t h a t had b e e n a d m i n i s t e r e d 
pen ic i l l in , e l e c t r i c a l s t i m u l a t i o n in the i n t r a l a m i n a r n u c l e u s 
produced a s p i k e - w a v e t y p e of a c t i v i t y , w h i l e in u n t r e a t e d c a t s the 
s t i m u l a t i o n only produced s p i n d l e - l i k e or r e c u r r e n t a c t i v i t y . Gloor 
proposed t h a t a cor t i ca l h y p e r e x c i t a b i l i t y w a s the cr i t i ca l f a c t o r 
in the product ion o f s p i k e - w a v e a c t i v i t y . According to him, 
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tha lamo-cor t ica l vol leys play a ro le in s t imu la t i ng the cortex or 
maintaining the abnormal rhythmic ac t iv i ty . In Penfield and J a s p e r ' s 
cent rencephal ic a s well a s in Gloor's co r t i co - r e t i cu l a r theory, the 
thalamus was thought to be important for the g e n e s i s of sp ike -wave 
d i scharges . 
THALAMIC RHYTHMIC OSCILLATION 
Spike-wave d i s cha rges cons t i t u t e a b e r r a n t rhythmic ac t iv i ty which 
occurs qui te genera l ized in d i f f e r e n t a r e a s of the brain. Such an 
a b e r r a n t ac t iv i ty can be genera ted via the physiological rhythmic 
osc i l la tory funct ions in the brain. The tha lamus p lays a dominant 
role in producing both physiological rhythmic osc i l l a t i ons a s 
sp ind les , and e lec t r ica l ly induced augmenting and recru i t ing 
r e s p o n s e s (S ter iade and Llinás 1988) 
There a re three major cell types in the thalamus: the tha lamo-
cort ical re lay cell, the local c i rcui t cell and the r e t i c u l a r 
thalamic (RT) neuron (Shosaku et aL 1989, S te r iade and Llinás 
1988) (Fig. 1 ) . The tha lamo-cor t ica l cell i s a g l u t a m a t e / a s p a r t a t e 
Afferent Input 
Fig. 1. A schematic illustration of the circuit between 
thalamo-cortical neurons (TC) and thalamic reticular neurons 
(RT). Existence of inhibitory local-circuit neurons (1) depends 
upon thalamic nuclei. I-cells are absent or sparse in the major 
thalamic nuclei of rats (about 0.4 %) except in the lateral 
geniculate nucleus (>-20 % of total neuronal population). 
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neuron; the other two are GABA-ergic. Sensory af férents terminate on 
thalamo-cortical relay and local circuit neurons. 
The thalamo-cortical projections are characterized by a mul t i -
laminar cortical pattern (Herkenham 1980). Projections originating 
from neurons in specif ic sensory (medial geniculate MG; la tera l 
geniculate LG; ventroposterior VP) and mediodorsal (MD) nuclei are 
mainly to cortical midlayers IV and I I I but a minor project ion goes 
to the upper part of layer VI and to layer I of the appropriate area 
of the cortex. Intralaminar nuclei send f ibers to layers VI and V. 
This group issues sparse but widespread neocortical projections. The 
ventromedial nucleus (VM) projects densely to the more superf icial 
region of the cortical strata (nearly exclusively to layer I ) of 
almost the ent i re neocortex. The motor (ventrolatera l VL; 
ventroanterior VA) and association ( laterodorsal LD; la tera l 
posterior LP; Posterior Po) nuclei do not project to layer I only, 
but also to additional layers, which d i f f e r depending on the 
cortical area involved. For example, the thalamo-cortical neurons 
from the VL terminate in layers I I I and V of the motor area, 
although they pro ject to layers I and VI of a wide area of the 
cortex. On the other hand, the LP has heavy projections to the 
per istr iate area, terminating in layer I and IV. These thalamic 
nuclei receive reciprocal pathways from the same cortical areas to 
which they pro ject (Shosaku et al. 1989). Between thalamo-
cortical cells and local circuit neurons reciprocal projections 
exist . However, local-circuit neurons are absent or sparse in the 
major thalamic nuclei of rats (about 0.4 X) except in the LG nucleus 
(>= 20 X of the tota l neuronal population) (Houser et al. 1980; 
Shosaku et aL 1989). Neurons in the RT nucleus do not project 
to the cortex but have intrathalamic projections. This nucleus 
receives col laterals from the thalamo-cortical neurons and from the 
cortico-thalamic projections (Houser et aL 1980; Ohara and 
Lieberman 1985). 
Thalamo-cortical and RT neurons have an intrinsic rhythmic 
oscil latory abi l i ty which originates from specialized membrane 
properties (Avanzini et aL 1989; Shosaku et aL 1989; 
Steriade and Llinás 1988). A low threshold Ca2* conductance allows 
thalamic neurons to oscil late in a 6 Hz frequency range. The l a t te r 
appears to be crucial for the genesis of spindle-re lated rhythmic 
burst discharges in thalamo-cortical neurons. The Ca2 + conductance 
is inactive a t the resting membrane potent ia l and is de- inact ivated 
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when the membrane is hyperpolar ized. The l a t t e r mechanism is 
e s s e n t i a l for the genera t ion of rebound ac t iv i ty following 
hyperpolar iza t ion . 
Synchronizat ion of the in t r ins ic rhythmic firing in tha lamo-
cortical neurons is considered to be caused by the GABA-mediated 
ou tpu t from the RT nucleus (Shosaku et al. 1989; S te r i ade and 
Llinás 1988). The synchronized r e s p o n s e s of tha lamo-cor t ica l neurons 
r e s u l t in cort ical rhythmic ac t iv i ty in the EEG. In ca t s , sp ind le 
ac t iv i ty i s abol ished (Ster iade et aL 1985), and in r a t s 
sp ike -wave d i scha rges d i sappear (Buzsáki et aL 1988), if RT 
neurons a re d isconnected from the i r t a r g e t a r e a s . This type of 
GABA-ergic control on tha lamo-cor t ica l neurons exp la ins the 
enhancementof sp ike -wave d i scharges by GABA-mimetic agen t s in r a t s 
(Pee t e r s et aL 1988) and in p a t i e n t s (Van der Linden et al. 
1981). 
MODULATION OF SPIKE-WAVE DISCHARGES 
With r e s p e c t to sp ike -wave d i scharges s eve ra l modulatory f ac to r s 
have been considered such as change of cort ical exci tabi l i ty , 
thalamic rhythmicity and so on. In ag reement with the fac t t h a t an 
absence s e i z u r e is blocked by s t imul i t h a t a rouse and a l e r t the 
p a t i e n t s , a l e r t ing the animals or s t imula t ion of the ascending 
re t i cu la r ac t iva t ing sys t em (RAS) p reven t the exper imental ly induced 
sp ike -wave d i scha rges in ca t s to occur ( J a s p e r 1991). If an imals a re 
very a le r t , the e lec t r i ca l s t imula t ion in the in t ra laminar nucleus 
induces only r ecu r r en t ac t iv i ty and no sp ike -wave d i scha rges . 
Activation of the RAS is a s soc i a t ed with an a rousa l r e sponse of the 
EEG (Moruzzi and Magoun 1949). The d i f fuse ascending p r o j e c t i o n s 
or ig inat ing in the bra ins tem without a re lay in the thalamus a re 
considered to be capable of controll ing exci tabi l i ty of the ce rebra l 
cortex by control l ing the r e l e a s e of neurochemical s u b s t a n c e s such 
as monoamines and acetylchol ine ( J a s p e r 1969). 
It has been sugges t ed t h a t the s u b s t a n t i a nigra and i t s e f f e r e n t 
a r e a s play an impor tan t role in suppres s ing or control l ing 
propagat ion of s e i z u r e s , r e g a r d l e s s of the neural mechanisms 
re spons ib le for the s e i z u r e in i t i a t ion (Gale 1985). GABA-ergic 
neurons in the s u b s t a n t i a nigra p r o j e c t to s e v e r a l a r ea s , including 
the pedunculo-pont ine nucleus, super io r colliculus, and thalamic 
- 5 -
ventromedian nucleus (Depaulis 1990). Injection of muscimol into the 
substantia nigra pars reticulata reduces the susceptibility to a 
number of types of experimentally induced generalized seizures (Gale 
1985) and prevents spontaneous spike-wave discharges in ra ts to 
occur (Depaulis 1990). Two hypotheses have been formulated to 
account for these effects of muscimol. According to the f i rs t 
hypothesis, the superior colliculus is responsible for the 
suppression of spike-wave discharges (Depaulis 1990) and according 
to the second one, the pedunculo-pontine nucleus is essential (Okada 
1990). The f i rs t hypothesis is based upon research on spontaneously 
occurring spike-wave discharges in ra ts , while the second one res t s 
upon research on pentylenetetrazol-induced epilepsy in ra ts . 
There are also dopaminergic projections from the substantia nigra 
to the forebrain. Involvement of this system in the effect of 
intranigral muscimol was, however, supposed to be ruled out, since 
hemi-section of the medial forebrain bundle does not affect 
suppression of spike-wave discharges (Depaulis 1990). Nevertheless, 
the dopamine system has been suggested to be important for the 
control of spike-wave discharges. Dopaminergic drugs are effective 
for the occurrence of spike-wave discharges (Warter et al. 1988. 
Buzsáki et aL 1990a). Malfunction of the dopamine-GABA 
interacting system is proposed to be essential for the release of 
the rhythmic oscillation mechanism (Buzsáki et aL 1990a). It is 
also suggested that there exists an indirect influence from the 
striatum on the thalamus (Buzsáki et aL 1990a), or that there 
are direct dopaminergic effects on cortical circuits (Al-tajir and 
Starr 1991). 
AIM OF THE THESIS 
In this thesis the results of four types of experiments are 
reported, which aim to investigate the characteristics and the 
generating mechanisms of spontaneously occurring spike-wave 
discharges in ra ts of the WAG/Rij strain, in which all ra ts show 
spontaneously occurring spike-wave discharges. In the comparative 
experiment, reported in chapter II, four other s t ra ins of ra ts were 
studied to get information about the occurrence of spontaneously 
occurring spike-wave discharges. The resul ts of this experiment 
could be used as indices for further biochemical (Van Rijn 
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unpublished experiment) , pharmacological (Chapter IV of this 
dissertat ion) and genetic (Peeters et aL 1990) s tudies on 
spike-wave discharges. In the experiment, reported in chapter III, 
sensory information processing during spike-wave discharges was 
investigated in rats . In human patients , suffering from absence 
epilepsy, unresponsiveness to external stimuli during absence 
se izures i s a well-known feature. In our experiment, visual evoked 
potentials (VEPs) were recorded during spike-wave discharges and 
compared with VEPs during normal s l eep-wakefu lness s tages . In the 
experiment, reported in chapter IV, two anesthet ic drugs, a short 
acting, clinically used hypnotic agent, Etomidate, and a neuroleptic 
analgesic agent, Hypnorm (a combination of fentanyl and fluanisone) 
were tested in WAG/Rij rats. Both drugs appeared to have a 
facilitatory e f f ec t on spike-wave discharges. The mechanisms, that 
bear upon the e f f e c t s of those drugs, are discussed. 
The use of this type of drugs makes it possible to invest igate 
the spike-wave discharges in anesthet ized immobilized animals. In 
the experiment, reported in chapter V, Hypnorm was used to make 
multiple unit recordings in immobilized rats. In order to study 
mechanisms that generate or modulate spike-wave discharges in rats, 
multiple unit activity was recorded from the cortex and thalamus, 
together with the cortical spike-wave discharges. EEG-triggered 
analys is was used to demonstrate a correlation in time between 
cortical spike-wave discharges and subcortical multiple unit 
act iv i t ies . 
The results from all experiments are brought together and 
discussed in chapter VI. This discussion leads to suggest ions about 
poss ible mechanisms underlying spike-wave discharges. 
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Chapter II 
SPONTANEOUS OCCURRENCE OF 
SPIKE-WAVE DISCHARGES IN FIVE 
INBRED STRAINS OF RATS 
SUMMARY 
The number and the duration of the cortical registered 
spike-wave discharges were studied in four inbred stra ins of 
rats (G/Cpb, B/Cpb, BN/BiRij, ACI) and compared to those of the 
WAG/Rij strain. The latter strain i s considered to be a model of 
absence epilepsy. Eight rats of each strain were recorded during 
a continuous period of 48 hours. An analys is of variance showed 
s ignif icant strain di f ferences in both the number and the mean 
duration of spike-wave discharges. The value of both parameters 
increased in the following order; ACK BN/BiRij < B/Cpb < G/Cpb 
< WAG/Rij, whereby the ACI strain was almost free of spike-wave 
discharges and the WAG/Rij strain showed a considerable number 
per hour. Since a clear strain difference between the five 
inbred strains emerged, the invest igat ion of biological and 
genetic factors underlying these strain di f ferences may provide 
useful information for absence epi lepsy in humans. 
INTRODUCTION 
It was recently discovered that the WAG/Rij strain shows spon­
taneously occurring bilaterally synchronized spike-wave discharges 
in the cortical EEG with a frequency of 7-11 Hz and an amplitude of 
100 to 450 л , together with behavioral concomitants such as: 
vibrissal twitching, accelerated breathing, head ti lt ing and 
sometimes eye twitching (Van Luijtelaar and Coenen 1986). Both the 
EEG and the behavioral manifestat ions are reminiscent of human 
absence epilepsy (Van Luijtelaar and Coenen 1986, 1989). The number 
of sub jects that are affected increases with age and an increment of 
the hourly number of spike-wave discharges was found during ontogeny 
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(Coenen and Van Lui j t e laa r 1987). The r e l a t i onsh ip be tween the 
occurrence of sp ike -wave d i scharges and the s t a g e s of vigi lance and 
s l eep is s imi l a r to t h a t in humans (Coenen et aL 1990; Van 
Lui j te laar and Coenen 1986, 1989). Pharmacological s t u d i e s indicated 
t h a t typical an t i absence drugs suppres sed sp ike -wave d i scha rges , bu t 
t ha t sp ike -wave d i scha rges were aggrava ted by non-an t i absence drugs 
(Pee t e r s et aL 1988). Moreover GABA-ergic a g o n i s t s inc rease the 
number of a b s e n c e - l i k e d i scharges in the WAG/Rij r a t s , a s well a s in 
humans ( P e e t e r s et aL 1989). In all t h e s e a s p e c t s , the model is 
s imi la r to t h a t of Vergnes et aL (1986) which is the b e s t known 
model for spon taneous occurring absence epi lepsy. In addi t ion to 
th i s model, the r a t s of the WAG/Rij s t r a i n a re homozygous s ince they 
were inbred for more than 100 gene ra t i ons . The s t r a i n i s we l l -
documented and commercially ava i lab le . Therefore, i t was proposed 
t h a t the WAG/Rij s t r a i n is a useful , addi t iona l gene t ic model of 
human absence ep i lepsy (Van Lui j te laar and Coenen 1989). 
While s tudying the s l e ep -wake c h a r a c t e r i s t i c s of some o the r 
inbred s t r a i n s of r a t s , we discovered t h a t t he se s t r a i n s a l s o showed 
a b e r r a n t EEG d i scha rges closely resembl ing those of the WAG/Rij 
s t r a i n . However, d i f f e r en t i a l amounts of the number of sp ike -wave 
d i scharges be tween t h e s e s t r a i n s seemed to be p re sen t . The purpose 
of the p r e s e n t s tudy was to e luc ida te the d i f f e rences in occurrence 
of sp ike -wave d i s cha rges in five inbred s t r a i n s . If the amount of 
sp ike -wave d i s cha rges indeed var ies be tween the se inbred s t r a i n s , a 
cor re la t ion be tween the amounts of epi lepsy and biochemical or 
physiological p a r a m e t e r s can be used to f ac i l i t a t e research towards 
the underlying cause of genera l ized absence epi lepsy. This i s 
impor tant s ince the fac tor causing genera l ized epi lepsy is s t i l l 
unknown. The iden t i f i ca t ion of an inbred s t r a i n in which none or 
much l e s s ep i l ipsy occurs, paves the way for adequa te resea rch on 
the link be tween inher i tance and t h i s type of epi lepsy . 
MATERIALS AND METHODS 
Eight r a t s (four males and four f emales ) of the following five 
inbred s t r a i n s were used as s u b j e c t s : WAG/Rij ( a lb ino ) , G/Cpb 
( a lb ino ) . B/Cpb (hooded) , BN/BiRij (brown) and ACI (agout i ) (Rest ing 
1979). All r a t s were born and ra i sed under ident ical envi ronmenta l 
condi t ions in our labora tory . The age of the an imals ranged be tween 
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male 
• female 
BN ACI BN ACI 
Fig. 1. Strain and sex differences in the number of spike-wave 
discharges per hour (left) and the mean duration of spike-wave 
discharges (right). Means and standard deviations are given. 
Each plot represents a mean value of 4 rats. 
5 and 6 months. During experiments rats were housed singly in 
recording cages (25x30x35 cm) and were maintained on a 12-12 light 
and dark cycle with white l ights on at 21:00 hr. They had ab lib 
access to food and water. A tripolar electrode s e t (Plast ic Products 
Company, MS333/2-A) was implanted under complete Nembutal 
anaesthesia (Van Lui j te laar and Coenen 1984). Active e lectrodes were 
placed on the cortex: one on the frontal region (coordinates with 
skull surface f lat and bregma 0-0: A 2.0, L 3.5) and a second one in 
the parietal region (A -6.0, L 4.0). The ground electrode was placed 
over the cerebellum. Following surgery and a 10-day recovery period, 
EEG activity between 1 and 70 Hz was registered for 48 hr 
continuously on a polygraph (Elema-Schonander) with a paper speed 1 
cm/sec. 
Number and duration of the spike-wave discharges for each rat 
were measured per hour using criteria described e lsewhere (Van 
Lui jtelaar and Coenen 1986). 
RESULTS 
The number and the mean duration of the spike-wave discharges for 
each strain is depicted in Fig. 1. All inbred s tra ins showed sp ike -
wave discharges. However, in both the BN/BiRij and the ACI strain, 
one individual did not show any spike-wave discharges. A one-way 
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a n a l y s i s of var iance wi th s t r a i n s a s f a c t o r s h o w e d a s i g n i f i c a n t 
s t r a i n d i f f e r e n c e for the number of s p i k e - w a v e d i s c h a r g e s (F=34.28 
df 4 , 30 p<0.01) a s w e l l a s for the mean durat ion of t h e s e 
d i s c h a r g e s (F=21.67 df 4 , 30 p<0 .01 ) . A Duncan p o s t - h o c t e s t 
(p<0.05) i n d i c a t e d t h a t both the number and the durat ion o f the 
s p i k e - w a v e d i s c h a r g e s are l arger f o r the WAG/Rij than t h o s e o f any 
o t h e r s t r a i n s . Furthermore, the number of s p i k e - w a v e d i s c h a r g e s o f 
the G/Cpb s t r a i n w a s h i g h e r than t h a t o f the remain ing s t r a i n s . The 
mean durat ion o f the G/Cpb w a s l a r g e r than t h a t o f the BN/BiRij and 
the ACI. The B/Cpb, the BN/BiRij and the ACI did n o t d i f f e r 
s i g n i f i c a n t l y in e i t h e r the number or the durat ion o f the s p i k e - w a v e 
d i s c h a r g e s . No c o n s i s t e n t d i f f e r e n c e s b a s e d on g e n d e r w e r e found. 
DISCUSSION 
In r o d e n t s , s p o n t a n e o u s l y occurring s p i k e - w a v e d i s c h a r g e s are a 
r a t h e r common phenomenon, and v a r i o u s p a p e r s a b o u t t h e s e phenomena 
in r a t s and o t h e r s p e c i e s e x i s t (Kaplan et al. 1979; K l e i n l o g e l 
1985; N o e b e l s 1979; Robinson and Gilmore 1980; Ser ikawa et aL 
1987; Vergnes et al. 1 9 8 2 ) . Most of the reported work wi th r a t s 
i s wi th r e s p e c t to outbred s t r a i n s and a l a r g e v a r i a b i l i t y in t h e s e 
outbred s t r a i n s i s reported . Approx imate ly 30 X of Wis tar r a t s 
(Vergnes et al. 1982) and 10-20Z o f S p r a g u e - D a w l e y r a t s 
( K l e i n l o g e l 1985; Robinson and Gilmore 1980) e x h i b i t e d s p o n t a n e o u s 
s i g n s o f a b e r r a n t EEG phenomena. From the former s t r a i n , r a t s wi th 
t h e s e a b e r r a n t d i s c h a r g e s are s e l e c t e d and are e x t e n s i v e l y u s e d a s a 
model of a b s e n c e e p i l e p s y a s d e s c r i b e d a b o v e (Vergnes et al. 
1986) . 
In the p r e s e n t s t u d y wi th inbred s t r a i n s , i t w a s d e m o n s t r a t e d 
t h a t b e s i d e s the WAG/Rij s t r a i n , o t h e r inbred s t r a i n s s h o w s p i k e -
w a v e d i s c h a r g e s . It w a s d e t e r m i n e d t h a t t h e r e w e r e s t r a i n 
d i f f e r e n c e s in the quant i ty of the s e i z u r e s in t h e s e s t r a i n s . 
The WAG/Rij s t r a i n s h o w s the m o s t s p i k e - w a v e d i s c h a r g e s , f o l l o w e d by 
the G/Cpb and the B/Cpb, wh i l e the BN/BiRij on ly had very f e w 
d i s c h a r g e s and the ACI s h o w e d a l m o s t none. The number and the mean 
durat ion o f the s p i k e - w a v e d i s c h a r g e s e x h i b i t e d by the WAG/Rij 
s t r a i n correspond c l o s e l y to t h o s e r e p o r t e d e a r l i e r (Coenen and Van 
L u i j t e l a a r 1987; Van L u i j t e l a a r and Coenen 1 9 8 9 ) . 
The EEG r e g i s t r a t i o n p e r i o d s c h o s e n in the p r e s e n t s t u d y w e r e 
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rather long in order to increase the reliability of the resul ts . 
Shorter EEG recording periods might have missed spike-wave 
discharges, particularly in those s t ra ins which are almost free of 
spike-wave discharges. In considering the fact that among rats , the 
occurrence of spike-wave discharges is such a common phenomenon, one 
could imagine that this discharge is a natural and not an epileptic 
phenomenon (Kaplan 1985; Semba et aL 1980). According to this 
assumption,a spike-wave discharge could be a phenomenon reminiscent 
of, e.g., the human mu rhythm orthe feline sensorimotor rhythm. In 
the WAG/Rij strain, the aberrant discharges are not restricted to 
the sensorimotor cortex, but are generalized and can also be seen in 
the parietal cortex (Van Luijtelaar and Coenen 1989), although with 
a lower amplitude. 
Nevertheless, the question of whether spike-wave discharges are 
natural or aberrant, is important. Spike-wave discharges can be 
considered as epileptic phenomena when it can be proven that there 
is an impact on behavior. The nature of the s t a te of the brain 
during a spike-wave discharge is therefore worthwhile to determine, 
as mentioned by Kaplan (1985). Neuropsychological and electrophys-
iological features during spike-wave discharges are currently under 
investigation in our laboratory. 
Taking into account the characteristics of the investigated 
strains, the amount of spike-wave discharges seemed to be negatively 
correlated with pigmentation: the two albino s t rains had the larger 
amounts, followed by the hooded, the brown and the agouti s t ra ins 
respectively. Fleming (1973) reported that another type of model of 
absence epilepsy in the rat (Shearer et aL 1976) differentiated 
between inbred s t rains and this was also negatively correlated with 
pigmentation. This finding could mean that factors related to the 
genotype for pigmentation may also be related to epileptic 
phenomena. Wilcock (1969) found that differences in activity varied 
with the amount of pigmentation in rat s t ra ins . Indeed, the brown 
BN/BiRij strain and the agouti ACI strain, showed more active and 
alert behaviors and struggled more during handling, than the albino 
or hooded s t ra ins . These traits could affect the occurrences of 
spike-wave discharges. It is therefore worth considering that 
pigmentation in itself is not the critical factor in determining 
epileptic phenomena as implicated by Fleming (1973), but that 
secondary factors play a role. 
These inbred s t ra ins may be useful in the studies of the physi-
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ological and biochemical factors underlying the origin of absence 
epilepsy. A problem in this type of research can be the control 
group. If, for example, a difference in a biological variable 
between an epileptic and nonepileptic strain is found, this 
difference may not be necessarily due to the epilepsy factor. 
Differences between the s trains can also be a simple strain 
difference unrelated to epilepsy. A more definite conclusion about 
the involvement of this biological variable in epilepsy can only be 
obtained by the investigation in more s t rains . By correlating the 
rank order of the epilepsy parameter and the biological variable, 
the problem can be solved. The discovery of a strain of ra ts 
strongly different from the WAG/Rij in amount and duration of 
spike-wave discharges, and almost free of these discharges, will be 
fruitful for further genetic research. 
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Chapter IH 
VISUAL EVOKED POTENTIALS 
DURING SPONTANEOUSLY OCCURRING 
SPIKE-WAVE DISCHARGES IN RATS 
SUMMARY 
Flash v isua l evoked p o t e n t i a l s (VEPs) were recorded in freely 
moving WAG/RIj r a t s . These r a t s show spontaneous ly occurring 
sp ike -wave d i scha rges in the EEG, in t e rp re t ed a s a b s e n c e - l i k e -
s e i z u r e s . VEPs recorded during the presence of sp ike -wave 
d i scharges were compared with those obta ined during normal 
s t a t e s of vigi lance in qu ie t wakefulness , s low-wave s l e e p and 
REM s l eep . Almost s imi la r VEPs were recorded during wakefu lness 
and REM s l eep , whereas during s low-wave s l eep the second 
pos i t ive peak (P2) was considerably larger . In comparison with 
normal s l e e p - w a k e s t a t e s , VEPs during sp ike -wave d i scha rges 
showed unique changes, such as a dec rease in the N1 ampli tude, 
an increase of the P4 amplitude and an enhanced a f t e rd i scha rge . 
Other c h a r a c t e r i s t i c s were s imi la r to those seen during s l o w -
wave s l eep , such a s an increase of the P2 amplitude and a 
diminished P2-N3-P3 complex. These f indings indicate senso ry 
a l t e r a t i o n s during a sp ike -wave d i scharge . As expressed in the 
dec rease of N1, a f f e r en t information can not reach the cortex 
during the rhythmic osc i l la tory mode. Such a l t e r a t i o n s may 
underl ie the lowered r e s p o n s i v e n e s s to ex t e rna l s t imul i during 
sp ike -wave ac t iv i ty . 
INTRODUCTION 
In absence epi lepsy, the most conspicuous clinical man i f e s t a t i on 
i s the decreased r e s p o n s i v e n e s s to ex t e rna l s t imul i . An impaired 
r e s p o n s i v e n e s s r e l a t ed to sp ike -wave d i s cha rges a s measured by 
s eve ra l behaviora l t e s t s has been repor ted (Shimazono et aL 
1953: Goldie and Green 1961; Tizard and Margerison 1963; Mirsky and 
Van Buren 1965; Goode et aL 1970; Browne 1974). In addi t ion to 
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these decrements in performance, the decreased responsiveness varies 
with the time course of the spike-wave discharge (Mirsky and Van 
Buren 1965; Browne 1974). Some investigators have studied flash 
visual evoked potentials (VEPs) to clarify the brain mechanisms 
underlying the decreased responsiveness to external stimuli in human 
absence epilepsy (Bergamini and Bergamasco 1967; Mirsky and Tecce 
1968; Orren 1975; Mirsky 1989). VEPs have also been determined in 
animal models using drug induced absence-like epilepsy (Mirsky et 
aL 1973; Burchiel et aL 1977; Pellegrini et aL 1986). 
All rats of an inbred strain, the WAG/Rij strain, show 
spontaneously occurring generalized spike-wave discharges in the 
cortical EEG with a spike-frequency of 7 to 10 Hz, an amplitude of 
100 to 450 pV, and a mean duration of 5 sec (range 1-30 sec) 
(Fig. 1). These are accompanied by behavioral concomitants such as 
vibrissal twitching, accelerated breathing, head tilting and 
sometimes eye twitching. Both the EEG and the behavioral 
manifestations are reminiscent of human absence epilepsy (Van 
Luijtelaar and Coenen 1986, 1989; Coenen and Van Luijtelaar 1987). 
The number of ra t s that are affected increases with age and an 
increment of the hourly number of spike-wave discharges was found 
during ontogeny. After 6 months of age, all individuals show 
spike-wave discharges occurring approximately 15 times per hour 
(Coenen and Van Luijtelaar 1987). Pharmacological studies indicate 
that typical anti-absence drugs suppress spike-wave discharges, 
whereas these discharges are aggravated by non-antiabsence drugs 
jtfflfff*"* т«0і!^тт^щ^^щ^^т 
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Fig. 1. Representative spike-wave discharges with (right) and 
without (left) photic stimuli in the EEG of a WAG/Rij rat The 
upper trace is from the frontal cortex and the middle one from 
the visual cortex. The time at which photic stimuli are 
presented is shown in the bottom trace. In this figure, the 
first stimulus is presented in the beginning portion and the 
second one in the middle. Calibrations are 1 sec and 200 tV 
respectively. Positivity is upward deflected. 
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(Peeters et al. 1988). Therefore, the WAG/Rij strain of rat might 
be considered as an appropriate model for absence epilepsy. A proof 
of a sensory impairment during the occurrence of a spike-wave 
discharge might be regarded as supporting evidence for the view that 
such a discharge can be considered as a genuine epileptic phenomenon 
(Semba et aL 1980; Kaplan 1985). 
In the present study, we recorded VEPs during spike-wave 
discharges in WAG/Rij rats and compared them with VEPs determined 
during normal s t a t e s of vigilance in quiet wakefulness, s low-wave 
s leep and REM sleep. This comparison should reveal whether sensory 
impairments or changes of brain functioning occur during spike-wave 
discharges. Moreover, we distinguished three s t a g e s in the time 
course of a spike-wave discharge: the beginning, the middle and the 
end portion, to invest igate whether impairments occur over the whole 
period of the spike-wave discharge. 
MATERIALS AND METHODS 
Six WAG/Rij rats were used as subjec t s . The age of the animals 
ranged from 9 to 10 months. All rats were born and raised in our 
laboratory. They were housed individually and were maintained on a 
12-12 light-dark cycle with white l ights on from 21:00 to 9:00 h. 
Electrodes were permanently implanted under Hypnorm (0.1 ml/100g) 
and Nembutal (1.5 mg/100g) anaesthesia. Two gilded screws were 
positioned on the dura: one on the frontal region (coordinates with 
skull surface f lat and bregma 0-0: A2.0, L2.0) and a second one on 
the visual cortex (A-7.0, L3.0) to conduct clear spike-wave 
discharges and field potentials . The ground electrode was placed 
over the cerebellum. Two vinyl-covered s t a i n l e s s s t e e l e lectrodes 
were placed on the dorsal neck muscles for recording the EMG. One of 
the neck e lectrodes a lso served as a reference for the monopolar EEG 
recordings. Since recordings of VEPs were carried out in quiet 
s t a t e s of the animals, muscle art i facts were small and were 
completely eliminated by the averaging technique. All e lectrodes 
were led to a receptacle and the whole assembly was secured with two 
additional screws to the skull surface applied with dental acrylic 
cement. 
VEP recordings were made at l eas t two weeks after the recovery 
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period. The EMG and two EEG traces were registered through a 
polygraph (Mingograph 800. Elema-Schonander) with filters s e t at 
0.5-700 Hz for the EEG, and 27-700 Hz for the EMG. The output 
signals from the preamplifiers were recorded on a magnetic tape 
recorder (SE 7000) along with the trigger signals of the photic 
stimulation for later off-line analysis. Fifty VEPs were collected 
and averaged for each condition and digitized through Α-D converters 
on an Apple II computer with a sampling rate of 1 msec for 1 sec 
epochs. Computer averaged evoked potentials were plotted on an X-Y 
recorder (Mosely 7035AM, Hewlett Packard). 
Animals were habituated to the experimental environment and to 
random photic stimulation on the day prior to the day of 
registration. The experiments were carried out from 9:00 to 17:00 h. 
During the recordings, the rat was placed in a plexiglass 
observation box (25x30x35 cm) and could move freely.The observation 
box was placed within a sound-attenuating shielded chamber with 
mirrors on the walls and the floor, to roughly provide an equal 
flash intensity in the chamber. Photic stimuli of 10 ¡tsec duration 
were delivered with a Grass PS22 photo-stimulator, with the 
intensity se t at a high level, point 8 (corresponding to 750,000 
candlepower). The flash lamp was positioned jus t above a double 
window in the ceiling of the chamber, 100 cm above the animal to 
eliminate the click noise which accompanied the delivery of the 
flash. A second double window in the front-wall of the chamber 
enabled observation of the animal's behavior. 
Photic stimuli were manually delivered a t a random rate with a 
stimulus interval of more than 2 sec. The conditions during which 
the photic stimuli were presented was evaluated from the EEG of the 
frontal region together with the EMG and the behavior. Photic 
stimuli were presented during: 1 ) quiet wakefulness(W) ,2) slow wave 
sleep(S), 3) REM sleep(REM), 4) spike-wave discharges following 
wakefulness (SWD-W) and 5) spike-wave discharges following sleep 
(SWD-S). Furthermore, the spike-wave discharges were divided into 
three periods: a) the beginning of the spike-wave discharge from 0.5 
to 1.5sec, b) the middle portion which was the period between a) and 
c) a t the moment of high amplitude of spike-wave complexes, and c) 
the end portion which was the las t 1 sec of a spike-wave activity. 
VEPs were obtained for each of these conditions. 
VEP components were designated as PI, N1, P2, N2, P3, N3 and P4 
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Fig. 2. A representative VEP of a WAG/Rij rat, obtained during 
quiet wakefulness. Positive and negative waves are indicated. 
The total excursion of the afterdischarge was measured from the 
peak of P4 to the end of the 1 sec lasting sample. Negativity is 
upward deflected. 
(Creel 1974) (Fig. 2 ) . For the reason that the PI was relat ively 
small and the N2 and the P3 are hardly detectable during S or 
spike-wave discharges, these components were only qualitatively 
considered and omitted from the quantitative analysis . Amplitudes of 
the VEPs were expressed as the difference between the peak of each 
component and baseline, whereby the baseline was defined as the 
point of onse t of the PI component. In order to quantify the degree 
of photically evoked afterdischarges, we used the same type of 
method used by Shearer e t al. (1976) which is described in detail by 
Fleming e t al. (1973). These authors introduced the total excursion 
(TE). The TE was measured by tracing the pen inscription on each 
plot from the peak of the P4 component till the end of the 1 s e c 
response with a map-reading wheel. Analysis of variance and Scheffé 
post hoc t e s t s were used for s ta t i s t i ca l verifications. 
RESULTS 
VEPs associated with each of the above mentioned conditions 
obtained in one animal are shown in Fig. 3. VEPs made during the 
normal s t a t e s were similar to those reported by other researchers 
(Creel 1974; Schwarzbaum 1975; Bigler 1977; Barnes and Dyer 1986). 
From a comparison of the VEPs with those of Van Hulzen and Coenen 
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Fig. 3. VEPs from one animal made during of 1: quiet wakefulness 
(W), 2 : slow-wave sleep (S), 3: REM sleep (REM), 4: spike-wave 
discharges following wakefulness (SWD-W ) , and 5: spike-wave 
discharges following slow-wave sleep (SWD-S). The time course of a 
spike-wave discharge was divided into a: the beginning, b: the middle 
and c: the end portion. VEPs obtained from each portion are shown. 
Negativity is upward deflected. 
Table I. Mean amplitude values (%У ) and mean total excursionvalues (cm)withS.D. 
of VEPs during the normal sleep-wake states (V/:quiet wakefulness, SWS:slow-wave 
sleep, REM: REM sleep J and during various portions of the spike-wave discharge 
(SWD-Vt: spike-wave discharge following wakefulness and SWD-S: spike-wave 
discharge fallowings low-waves lee ρ ) . 
w 
SWS 
REM 
SWD-W 
beginning 
middle 
end 
SWD-S 
beginning 
middle 
end 
Components 
N1 (д ) 
-162.50± 8.69 
-160.48±17.31 
-164.80117.50 
-125.80+36.20 
-112.80+27.85 
-135.73+22.04 
-129.88±26.17 
-112.37±15.43 
-131.87il6.63 
P2 
81.03+11.81 
140.55i30.50 
92.08+12.73 
111.80+26.53 
142.90+29.15 
123.70+28.48 
116.78+32.55 
150.00+22.90 
111.90+29.36 
N3 
-83.58+25.61 
-89.97+13.54 
-94.67il9.45 
-95.85+15.91 
-103.38+11.20 
-97.33+16.47 
-93.98+19.52 
-94.78+11.84 
-96.70+27.28 
P4 
28.05+21.14 
28.33+31.38 
27.03+28.28 
58.46+34.51 
89.53+35.87 
42.33+27.84 
61.13+33.25 
86.23+25.13 
58.93+29.67 
TE (cm) 
16.27+2.88 
15.33+1.27 
15.97+3.13 
20.12+4.23 
21.17i3.24 
16.33+2.41 
20.33+5.16 
21.13+6.20 
16.90+3.30 
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Fig. 4. Amplitude data of various VEPs components, a: during 
the natural states of vigilance (W, S and REM) and during the 
middle portion of the spike-wave discharges (SWD-W, SWD-S). b: 
The changes during the time course of the spike-wave discharge 
(the beginning, the middle and the end). (* p<0.05. ** P<0.01, 
*** p<0.001). 
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(1984) obtained in Wistar rats , it appeared that VEPs of WAG/Rij 
ra ts are comparable with this frequently used strain of ra ts . 
Table 1 contains the amplitude data of the various components of 
VEPs. A one-way analysis of variance with conditions as factors, 
showed significant differences between conditions in the N1 
amplitude (F = 13.32 df 4. 25 p<0.0001). the P2 amplitude (F=11.90 df 
4. 25 p<0.0001), and the P4 amplitude (F-7.83 df 4, 25 p<0.001). For 
this analysis, the VEPs from the middle portion of the spike-wave 
discharges were taken. 
Data from Table I are graphically presented in Fig. 4. VEPs 
obtained during normal sleep and wakefulness s t a t e s were 
characterized by identical high N1 amplitudes throughout all s tages. 
During S, an increase of the P2 amplitude was seen, whereas the 
P2-N2-P3 complex was absent. During W and REM, the shape of the 
P2-N2-P3 complex was almost similar. Identical N3 and P4 amplitudes 
were measured during these normal s tages. An afterdischarge was seen 
during W and REM, and, to a rather small degree, during S. 
VEPs obtained during spike-wave discharges were compared with 
those of the normal s t a t e s of vigilance. A Scheffé post-hoc t e s t 
(p<0.05) showed that the N1 amplitude during SWD-W and SWD-S was 
significantly smaller than the amplitude during the normal s tages. 
The P2 amplitude during SWD-W. SWD-S and during S was significantly 
larger than during W and REM. The P2-N2-P3 complex was visible 
neither during spike-wave discharges nor during S. Although the 
amplitudes of N3 did not show a significant change during spike-wave 
discharges, the P4 component was larger during spike-wave discharges 
than during the normal s tages (Scheffé p<0.05). 
As seen in Fig. 3, there was an apparent afterdischarge during 
spike-wave discharges and this tended to be larger than that seen 
during W or REM. Indeed, the ANOVA for the TE value showed a 
significant condition effect (F=3.72 df 4, 25 p<0.05). However, a 
Scheffé post hoc tes t (p<0.05) did not show significant differences. 
The amplitude changes during the time course of the spike-wave 
discharges are depicted in Fig. 4. Repeated measurements of 
multiple analysis of variance corrected by the Greenhouse-Geisser 
technique with time course and the level of vigilance prior to a 
spike-wave discharge as factors, showed significant differences 
between the time course in the N1 amplitude (F=7.60 df 2, 20 
P<0.01). the P2 amplitude (F=16.98 df 2, 20 p<0.001) and the P4 
amplitude (F=31.60 df 2, 20 p<0.0001). All amplitude changes showed 
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similar directions in the modulations in each portion of the 
spike-wave discharge, compared with those during W. These changes 
were most prominent in the middle part of the spike-wave discharge. 
The P2-N2-P3 complex was only detectable a t the beginning and at the 
end of the spike-wave discharge, but not in the middle portion. The 
TE value also showed a significant time difference (F=18.55 df 2, 20 
p<0.0001). The largest value was seen in the beginning and the 
middle portion of the spike-wave discharge. There were no 
significant differences on the amplitude of the various components 
and on the TE value between VEPs made during SWD-W and SWD-S. 
Table II shows the latency data of the VEP components. There were 
significant differences in the N1 (F=4.60 df 4. 25 p<0.01). the P2 
(F=8.65 df 4, 25 p<0.001). and the N3 component (F=5.00 df 4, 25 
p<0.01). A Scheffé post-hoc tes t (p<0.05), however, indicated that 
significant differences between conditions were due to longer 
latencies during S in the P2 component or during REM in the N3. The 
latencies of the N1 and the P2 components during spike-wave 
discharges were intermediate and between S and W, but did not differ 
significantly from those seen during W. The latency of the N3 
component was only longer during REM. There were no significant 
Table II. Mean latency values (msec) with S.D. of VEPs during 
the normal sleep-wake states and during various portions of the 
spike-wave discharge. 
w 
SWS 
REM 
SWD-W 
b e g i n n i n g 
middle 
end 
SWD-S 
b e g i n n i n g 
middle 
end 
Components 
N1 
29.50+0.84 
32.50+1.76 
30.00±0.89 
30.50+1.38 
32.00+1.55 
30.00+1.10 
30.50±1.52 
31.00+1.90 
30.50+1.05 
P2 
52.17+2.56 
62.67±5.32 
53.00±3.41 
54.00+2.76 
56.1711.47 
54.17±3.31 
53.67±1.36 
55.17+3.31 
54.17±1.17 
N3 
165.83+3.25 
167.33+7.42 
177.00+3.34 
168.33+4.55 
166.33+1.47 
169.67+5.50 
167.83±6.71 
170.00+5.37 
169.50±5.82 
P4 
222.83+ 
238.50± 
230.67+ 
223.67± 
228.00+ 
221.67 + 
227.83± 
228.50± 
227.00+ 
5.88 
9.65 
12.19 
3.88 
6.75 
6.47 
8.91 
9.61 
6.57 
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changes of l a t enc i e s over the time course of the sp ike -wave 
d ischarge . 
DISCUSSION 
In th i s exper iment , i t was convincingly demons t ra ted t h a t the 
a rch i t ec tu re of VEPs determined during sp ike -wave d i scha rges i s 
d i f f e r en t from those obtained during the na tura l s l e e p - w a k e s t a t e s . 
Some waves (N1, P4 and TE) changed in a unique way differ ing from 
all the na tura l s t a t e s , whereas ano the r one (P2) took the shape 
belonging to s low-wave s l eep . 
A s t a b l e high ampli tude of the N1 component was found throughout 
the normal s l e e p - w a k e s t a tes . However, a dec rease of N1 was found in 
VEPs during sp ike -wave d i scharges . This primary wave i s considered 
to r e f l ec t the ac t iv i ty of the re t ino-gen icu lo -cor t i ca l pathway and 
in genera l , the ampli tude of th i s N1 wave depends on the in t ens i ty 
of the ac tua l s t imu lus (Creel 1974). Therefore, the dec rease of the 
N1 during sp ike -wave d i scha rges may r e f l e c t a supp re s s ion in the 
primary v isua l pathway. Although a dysfunct ion of the r e t i na is 
poss ib le , a more likely explanat ion for the decreased N1 ampli tude 
can be found in a dysfunction of the l a t e r a l genicu la te nucleus 
(LGN), probably t oge the r with the v i sua l cortex. The tha lamus p lays 
a main role in the rhythmic osc i l l a t i ons such a s sp indle ac t iv i ty . 
Several l ines of evidence s u g g e s t t h a t the tha lamus is involved in 
the genera t ion of sp ike -wave d i s cha rges (Buzsáki et aL 1988, 
Vergnes et aL 1990) and some au tho r s assumed t h a t sp ike -wave 
d i scha rges a r e modified s l e e p - s p i n d l e s (Halász 1984). I t i s 
sugges ted t h a t the senso ry input and the rhythmic o s c i l l a t i o n s 
i n t e r f e re in the tha lamus which g ives r i s e to a reduced v i sua l 
input, exp res sed in a lowering of N1, and in a r e s e t t i n g of 
rhythmical ac t iv i ty , r e su l t i ng in a sh i f t of the rhythm. 
(Creutzfe ld t 1973). The l a t t e r i s exp res sed by an enhancement of the 
P4 ampli tude followed by a long l a s t i ng a f t e rd i scha rge during 
sp ike -wave d i scha rges , a s found in th i s exper iment . The 
a f t e rd i scharge is prominent in the beginning and the middle port ion 
of a sp ike -wave d ischarge , but no t a t the end of the d i scharge . 
Therefore, It can be expected t h a t the s h i f t of rhythm does not 
occur and the rhythm gene ra t ive tendency i s a l ready te rmina ted a t 
the end port ion of the sp ike -wave ac t iv i ty . The osc i l l a to ry 
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mechanisms of afterdischarges are reviewed by Bigler (1977) , and 
according to this author, the generation of the afterdischarge of 
VEP is dependent on the recurrent inhibitory and rebound excitatory 
system a t the level of the LGN. The enhancement of the 
afterdischarge during a spike-wave discharge is also explained by a 
fac i l i ta t ion of this system. The N3 and the P4 component are both 
considered to represent the f i r s t occurrence of the recurrent 
inhibi tory-exci tatory system. The P4 enhancement during spike-wave 
act iv i ty especially indicates the enhanced rebound excitabi l i ty in 
this system. Furthermore, the photically evoked afterdischarge in 
i t se l f has been proposed as a model for absence epilepsy (Shearer 
et aL 1976). This rhythmic osci l lat ion, measured as tota l 
excursion (TE) , is af fected by convulsive and anticonvulsive drugs 
(Fleming et aL 1973; Shearer et al. 1974). 
The amplitude of the P2 component and the disappearance of the 
P2-N2-P3 complex in the VEP measured during spike-wave discharges 
are phenomena similar to those found during slow-wave sleep. I t is 
commonly found that the P2 in this s ta te is larger as compared to 
wakefulness and REM sleep (Yoshida 1979: Siguenza 1984). These 
responses are thought to be a geniculo-cortico response, which can 
be heavily modulated by the ascending ret icular system, and the 
di f fuse thalamic projection or the saccadic eye movement (Singer 
1977). Its power is dependent on the act iv i ty of structures related 
with these systems (Creel 1974; Barnes and Dyer 1986). During the 
various sleep-wake states, di f ferences ex is t in the control of the 
thalamic and cortical response (Coenen 1972; Singer 1977). During 
slow-wave sleep, the late tonic responses to st imul i in the thalamus 
and the cortex are suppressed and the spontaneous act iv i ty in these 
structures is smaller. On the other hand, neurons tend to f i re more 
synchronized (Singer 1977; Steriade and Llinás 1988). Such 
suppressed and synchronized responses might be represented by a 
disappearance of the P2-N2-P3 complex and the increased amplitude of 
the P2 component. 
The latency data indicate that the brain function during spike-
wave discharges might be an intermediate s ta te between wakefulness 
and slow-wave sleep. This because the latencies for the components 
which changed signif icant ly in amplitude were in between those found 
during quiet wakefulness and during slow-wave sleep. Such latency 
changes could be taken to re f lec t changes in conductance velocity 
and/or synaptic delays. However, even the mechanisms responsible for 
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the changes in latency during the normal s ta tes of vigilance remain 
largely unknown. 
VEPs determined during spike-wave discharges following 
wakefulness and following slow-wave sleep have a s imi lar 
architecture. I t seems that the modulation of the sensory processing 
during spike-wave discharges is not influenced by the prior s ta te of 
vigilance. 
All changes in VEPs components as consequences of a spike-wave 
discharge take place during the whole course of the discharge, and 
these changes are most pronounced in the middle of the discharge. 
This finding is in agreement with behavioral studies in pat ients 
(Browne 1974: Mirsky and Van Buren 1965). 
In animal models of drug induced absence epilepsy, VEPs have also 
been studied (Burchiel e t a l . 1971; Mirsky et a l . 1973; Pellegrini 
et aL 1986). So far, however, these are not in genetic animal 
models. In studies that compare states with and without spike-wave 
discharges in patients conducted by Mirsky (1989) , i t was reported 
that the early phase of the VEP during a spike-wave discharge was 
degraded, which was interpreted as due to sensory disruption. 
Furthermore, there was a report that a late component (P300) in the 
inter ictal period in absence patients is reduced in comparison to 
normal individuals (Duncan 1988). VEPs during natural states in the 
present experiment seem to be similar to the VEPs obtained from 
Wistar rats in our laboratory (Van Hulzen and Coenen 1984) as 
mentioned eal ier . However, the VEP is not a direct expression of a 
cognitive process. I t would be f ru i t fu l to investigate a cognitive 
process going together with P300 during ictal and inter icta l s tates 
of the WAG/Rij rats in the further study. 
In conclusion, VEPs during spike-wave discharges d i f f e r in three 
unique features from those made during the natural s tates of 
vigilance. F i rst ly , they show a decrease of N1, secondly, an 
increase of the P4 component and, thirdly, a more powerful 
afterdischarge. Another feature of the VEP during spike-wave 
discharges, the increase of the P2 amplitude, corresponds with 
slow-wave sleep. The latencies of the N1 and the P2 component l ie in 
between those of quiet wakefulness and slow-wave sleep. These 
findings suggest that a functional a l terat ion occurs in the sensory 
pathway and that the sensory input is diminished during a spike-wave 
discharge. Finally, the fact that such suppressive sensory 
processing during spike-wave discharges exists gives additional 
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evidence for the val idi ty of WAG/Rij r a t s a s a model of absence 
epi lepsy . 
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Chapter IV 
FACILITATORY EFFECTS OF 
ANESTHETIC AGENTS ON SPIKE-WAVE 
DISCHARGES IN RATS 
E T O M I D A T E 
SUMMARY 
The ep i l ep t i c e f f ec t of the s h o r t - a c t i n g hypnotic agen t 
e tomida te was inves t iga ted in WAG/Rij r a t s . Animals of t h i s 
inbred s t r a i n show spontaneous sp ike -wave d i scha rges and a re 
regarded a s a model for absence epi lepsy . A dose -dependen t 
increase in the to t a l amount of sp ike -wave ac t iv i ty was found, 
when e tomida te was in jec ted in t raper i tonea l ly in d o s e s of 1, 
2.5, 5 and 10 mg/kg. At a dose of 10 mg/kg, sp ike -wave ac t iv i ty 
appeared a lmos t unin ter ruptedly . Beginning with a dose of 5 
mg/kg, the morphology of the sp ike -wave complexes changed a f t e r 
the admin i s t r a t ion of the drug; sp ike frequency decreased dose 
dependent ly from about 8 t i l l about 4 Hz a t 10 mg/kg. During 
sp ike -wave ac t iv i ty , animals were mot ion less and, cer ta in ly a t 
10 mg/kg of e tomida te , were unrespons ive to s t imul i . For 
surgical a n e s t h e s i a , a s t i l l h igher dose of e tomida te i s 
necessa ry (20 m g / k g ) . It is concluded t h a t e tomida te f a c i l i t a t e s 
the genera t ion of sp ike -wave ac t iv i ty in r a t s with spon taneous 
absence s e i z u r e s , presumably i t s GABA-mimetic act ion. 
INTRODUCTION 
Etomidate [ R - ( + ) - e t h y l - l - ( a l p h a - m e t h y l - b e n z y l ) imidazo le -5 -
carboxyla te ] i s a s h o r t act ing hypnotic and is used a s an induction 
agen t for genera l a n e s t h e s i a (Doenicke et aL 1973; 1982; 
Wauquier 1983). I t has , however, been noticed t h a t i t a c t i v a t e s 
ep i lep togenic ac t iv i ty in p a t i e n t s with a p red i spos i t ion for 
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convuls ions (Grant and Hutchison 1983; Gancher et al. 1984; 
Ebrahim et al. 1986). Gancher et al. (1984) even sugges t ed 
t h a t e tomida te may be po ten t ia l ly useful a s a d iagnos t i c tool 
because i t enhanced epi lep togenic ac t iv i ty in p a t i e n t s undergoing 
e lec t roencephalography in p repara t ion for removal of the 
ep i lep togenic cortex. 
Data obta ined from animals indica te a mixed and d i f f e r e n t 
profi le. Etomidate was shown to an tagonize p e n t y l e n t e t r a z o l induced 
s e i z u r e s in Wistar r a t s (Wauquier et aL 1980). In dogs, 
e tomida te induced sharp waves, s l e ep and myoclonus (Wauquier et 
aL 1978), while in encéphale i so lé ca t s , e tomida te induced sp ike 
ac t iv i ty which was in te rp re ted a s being s l e e p - l i k e (Baiker-Heberlein 
et al. 1979). 
The a p p a r e n t d iscrepancy in p red i sposed p a t i e n t s , be tween the 
proconvulsant and the an t i convu l san t profi le in animals may be 
r e l a t ed to the fac t t h a t e tomida te has not been t e s t e d in 
appropr ia te gene t i c animal models of ep i lepsy . To eva lua t e how 
e tomida te f a c i l i t a t e s ep i lep t ic ac t iv i ty , i t s e f f e c t s were s tud ied 
in r a t s of the WAG/Rij s t r a in . Rats of t h i s inbred s t r a i n , exh ib i t 
spon taneous ly b i l a t e r a l b u r s t s of 7- 10 Hz sp ike -wave d i scha rges (Van 
Lui j te laar and Coenen 1986). These d i s cha rges a re qui te ident ica l to 
those descr ibed for r a t s of W i s t a r - s t r a i n s (Marescaux et aL 
1984; Michelett i et aL 1985). The val idi ty of the WAG/Rij r a t s 
a s a model for absence epi lepsy is now fur ther demons t ra ted (Van 
Lui j te laar and Coenen 1986; Coenen and Van Lui j te laar 1987; P e e t e r s 
et al. 1988, 1989; Inoue et aL 1990). It appeared t h a t these 
r a t s provide a valid pharmacological model of absence ep i lepsy and 
are a s e n s i t i v e tool to i n v e s t i g a t e drugs which po ten t i a l ly 
i n t e r f e r e with the genera t ion of sp ike -wave ac t iv i ty . 
MATERIALS AND METHODS 
A to ta l of 13 male WAG/Rij r a t s , with ages ranging from 5-14 
months, were used. They were maintained, s ingly housed with food and 
wa te r ad lib ava i lab le , under a 12-12 l igh t -da rk regime. Rats were 
t e s t e d with e tomida te , in t raper i tonea l ly in jec ted with 1, 2.5, 5 and 
10 mg/kg (n=6 for each d o s e ) . Prior to surgery , r a t s were 
a n e s t h e t i z e d with pen tobarb i ta l and fixed in a s t e r e o t a x i c frame. 
The skull was exposed and two small s c r e w s were implanted a t A=2.0, 
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L-3.5 and A = -6.0, L=4.0. r espec t ive ly , whereas a third screw was 
placed over the cerebellum. The l a t t e r served as the ground 
e lec t rode while the f i r s t mentioned ones were the ac t ive e l e c t r o d e s . 
Wires connected to t h e s e s t a i n l e s s s t e e l e l e c t r o d e s were from a head 
plug, fixed to the skul l with denta l acrylic. 
The animals were allowed to recover from the opera t ion minimally 
for one week. The exper iment was carr ied out in free-moving an imals . 
Prior to in jec t ions , EEGs (1-70 Hz) were recorded during one b a s e -
line hour on a Elema-Schonander polygraph with a paper speed of 2.5 
cm/s . Rats were then in jec ted with e tomida te and EEG recordings were 
again made for one p o s t drug hour period. Records were s y s t e m a t i c -
ally taken during the same time of day (between 9:00 and 12:00 
a.m.). This was done during the dark period in which qu i e t 
wakefulness domina tes . 
Animals were used more than once; d i f f e r e n t dose s were applied in 
a random sequence . For dose s of 1 and 2.5 mg/kg, an in te rva l of 2 
days was inse r ted between exper imenta l s e s s i o n s , and for h igher 
doses , 1 week. Spike-wave ac t iv i ty was hand measured d i rec t ly from 
the paper EEG recordings . Data were analyzed with an AN0VA, followed 
by the S c h e f f é - t e s t for mult iple comparisons. 
RESULTS 
Prior to in ject ion, all 13 r a t s showed spon taneous sp ike -wave 
complexes. This sp ike -wave ac t iv i ty was seen on average during 16.0 
X of the b a s e - l i n e hours (Table I ) . This i s a r e l a t ive ly high value 
for the reason t h a t the majori ty of r a t s were aged between 10 and 14 
months (Coenen and Van Lui j te laar 1987). 
Following in jec t ion of e tomida te , the amount of sp ike -wave 
ac t iv i ty increased for all doses and a s ign i f i can t dose r e l a t ed 
e f fec t of e tomida te emerged (ANOVA p<0.0001). Multiple comparisons 
a t the 0.05 level indicated s ign i f i can t d i f fe rences be tween the 
amount of sp ike -wave ac t iv i ty following in j ec t ions of 1, 2.5, 5 and 
10 mg/kg e tomida te . All da ta a re p re sen ted in Table I. 
At 1 or 2.5 mg/kg e tomida te the main immediate e f f ec t was a 
shor ten ing of the in te rva l between sp ike -wave d i scha rges . These 
d i scharges were morphologically ident ica l to the one observed pr ior 
to in jec t ion . During the f i r s t 10 minutes the main inc rease was 
found. A re tu rn to control va lues within one hour was observed for 
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Table I. Total spike-wave activity expressed as a percentage of 
total time, for the baseline hour and postdrug hour, for the 
four doses (means and SEMs). 
dose in mg/kg 1 2.5 5 10 
baseline hour 13.2+2.3 21.4+4.1 18.5±2.1 10.8+2.0 
postdrug hour 23.9±2.2 39.8±14.5 56.8±6.2 97.8+1.6 
each dose. Behaviorally, periods of immobility during the occurrence 
of spike-wave discharges were always found. 
For the 5 mg/kg, uninterrupted spike-wave activity appeared 
within 2 minutes following injection and continuous spike-wave 
activity was observed for about 30 seconds. A slight lowering of 
spike frequency in the discharge could sometimes be observed. Later 
spike-wave activity appeared periodically in bursts. These bursts 
were prolonged and more frequent as compared to those seen prior to 
injection. Periods of immobility of the animals again coincided 
highly with the appearance of spike-wave activity. 
At a dose of 10 mg/kg, uninterrupted spike-wave discharges were 
seen within 30 seconds, and showed a lowering in the frequency of 
the spikes, till 4 Hz within 3 minutes following injection. Spike-
wave activity appeared almost continuously during a period of 30-45 
minutes. Sometimes, discharges with lowered spike-frequency 
alternated with those of normal frequencies. The lowering of the 
frequency coincided with periods during which the animal was rather 
unresponsive to external stimuli. In this period, spike-wave 
activity was occasionally interrupted by short sleep-like or spindle 
activities. During the f irs t 15 minutes, animals were completely 
immobile. Slowly, the frequency of the spikes returned to control 
levels of 8 Hz; often the animals began to show signs of awakening, 
including more reactions to stimuli. Evidence, however, that a total 
surgical level of anesthesia was reached, was not obtained. This was 
induced with a dose of 20 mg/kg etomidate as was noticed with four 
additional animals (whose data were not included in the ANOVA). 
Then, a continuous stream of spike-wave activity was obtained for 30 
minutes; in the beginning with a pronounced reduction of spike-
frequency till 1 Hz. Later, spike-wave discharges were mixed with 
sleep-spindle-like activity. 
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DISCUSSION 
The main finding of the p r e s e n t s tudy is t h a t e tomida te , in jec ted 
in t raper i tonea l ly , increased the to ta l amount of sp ike -wave ac t iv i ty 
in a dose -dependen t manner, in WAG/Rij r a t s . At low and middle dose s 
(1 and 2 5 m g / k g ) , t he re was no concomitant change in the morphology 
of the sp ike -wave complex, frequency of the s p i k e s remained about 8 
Hz At the higher doses (5 and 10 m g / k g ) , the frequency of the 
sp ikes began to dec rease in a dose -dependen t manner, with a l owes t 
frequency of about 4 Hz of the sp ikes , but the bas ic morphology of 
the sp ike -wave ac t iv i ty appeared to be unchanged. In an add i t iona l 
s tudy with 20 mg/kg, even 1 Hz could be reached. Because of the 
dose-dependency of these e f fec t s , i t is concluded t h a t e tomida te 
f ac i l i t a t e s the genera t ion of sp ike -wave ac t iv i ty . Baiker-Heberlein 
et al. (1979) showed t h a t e tomida te induced large slow waves 
i n t e r s p e r s e d with f a s t sp ike - shaped p o t e n t i a l s in "encéphale i s o l é " 
ca t s Pa r t s of t h i s ac t iv i ty , a s shown in t he i r records , s t rong ly 
resembled the sp ike -wave ac t iv i ty seen in the p r e s e n t s tudy The 
f a s t onse t , within 30 s, of th i s ac t iv i ty following in jec t ion is 
a l so c o n s i s t e n t with our f indings. 
The e tomida te e f f ec t s a re b e s t expla ined by a modulat ion of the 
GABA-system Direct evidence for t h i s is t h a t e tomida te i n c r e a s e s 
the r e l e a s e of GABA (Evans and Gill 1978). Michellet t i et aL 
(1985) found t h a t GABA-agomsts, in jec ted in t raper i tonea l ly enhanced 
the sp ike -wave ac t iv i ty in W i s t a r - r a t s . This was confirmed by us for 
the WAG/Rij s t r a i n muscimol, a GABA-receptor a g o n i s t increased 
sp ike -wave ac t iv i ty (Pee t e r s et aL (1989). Furthermore, i t is 
known t h a t muscimol has an ant iconvuls ive ac t ion in convuls ive 
epi lepsy (Loscher 1982; Matthews and McCafferty 1979; Worms et 
aL 1979). The GABA-receptor an t agon i s t , bicuculline, caused a 
dec rease in nonconvulsive epi lepsy, while i t is known t h a t i t can 
evoke convuls ions . These pharmacologically induced s e i z u r e s a re 
regarded a s a model for convulsive ep i lepsy (Mat thewsand McCafferty 
1979) In shor t , t h i s means t h a t GABA-ergic agen t s have oppos i te 
e f f ec t s on nonconvulsive and convulsive epi lepsy . Foe e tomida te the 
same could be t rue: i t a c t s , a s muscimol, a s an epi lep togenic agen t 
on nonconvulsive epi lepsy and, again a s muscimol, a s a blocker for 
convulsive s e i z u r e s (Wauquier et aL 1980). This may expla in the 
d i sc repanc ie s mentioned ea r l i e r with r e s p e c t to the ac t ions of 
e tomida te . 
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In h igher doses, e tomida te i s used as a sho r t ac t ing agent f o r 
genera l anes thes ia . An i n t e r e s t i n g ques t i on is whe the r anes the t i c 
and hypno t i c p rope r t i es are re la ted to ep i l ep togen ic p rope r t i es on 
absences. Up to now, the f o l l o w i n g r e s u l t s are ob ta ined . Whi le 
d iazepam, a benzod iazep ine, in h igh doses hav ing a n e s t h e t i c - l i k e 
p rope r t i es , decreases a lmos t a l l k inds o f ep i lepsy ; phénobarb i ta l , a 
ba rb i t u ra te anes the t i c , decreases absence ep i lepsy in a low dose, 
wh i l e a h igh dose is i n e f f e c t i v e ( M i c h e l e t t i et aL 1985; Peeters 
et aL 1988). On the o the r hand, the e tomida te f i n d i n g s p resented 
here, show t h a t an induc t ion o f anes thes ia can be accompanied by an 
increase in s p i k e - w a v e a c t i v i t y . This means t ha t no s imp le r e l a t i o n 
e x i s t s between the two p rope r t i es . 
In genera l , the p r o f i l e o f e tom ida te is a complex one. I t is a 
hypnot ic , which even in low doses, induces an increase o f s p i k e - w a v e 
a c t i v i t y . In h igh doses, the increase o f t h i s a c t i v i t y is enormous, 
bu t i s a lso accompanied by change in morphology o f the s p i k e - w a v e 
a c t i v i t y . S l e e p - l i k e or sp ind le a c t i v i t y then a lso appears. On the 
o the r hand, con f i rm ing the l i t e r a t u r e , i t can block chemica l l y -
induced se i zu res . Th is means t ha t i t has, s i m i l a r to o the r compounds 
such as musc imol , d i f f e r e n t i a l e f f e c t s on the two types o f se i zu res : 
an t i convu l s i ve on genera l i zed t o n i c - c l o n i c and p roconvu ls i ve on 
absence se i zu res . 
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2 . F E N T A N Y L - F L U A N I S O N E ( H y p n o r m ) 
SUMMARY 
Effect of the neu ro l ep t i c - ana lges i c combination of f en tany l -
f luanisone (Hypnorm) on sp ike -wave d i scha rges was inves t iga t ed 
in WAG/Rij r a t s which a re regarded a s a model of absence 
epi lepsy. The drug combination has fac i l i t a tory e f f ec t s on the 
amount of sp ike -wave ac t iv i ty , bu t not in a monotonous d o s e -
dependent manner. With the lowes t dose of Hypnorm, the e f f ec t 
is a s imple inc rease in sp ike -wave ac t iv i ty . With high dosages , 
the e f f ec t c o n s i s t s of th ree phases : f i r s t l y a modera te 
increase j u s t a f t e r in ject ion, secondly a s lowing down of t h i s 
increase , and th i rdly again an increment in sp ike -wave 
d i scha rges . The admin i s t ra t ion of fentanyl alone, abo l i shes 
sp ike -wave ac t iv i ty during the narco t ic phase . The fac i l i t a t ing 
e f fec t on sp ike -wave ac t iv i ty of f en t any l - f luan i sone might be 
caused by the dopamine-an tagon i s t i c act ion of f luanisone . The 
complexity of the fac i l i ta tory e f f e c t s might be due to an 
in te rac t ion of the supp re s s ive e f f ec t by fentanyl with 
fac i l i ta tory e f f e c t s of f luanisone . The fac i l i t a t ion is 
presumably due to a r e l e a s e of inhibi tory control over 
p r e - e x i s t i n g sp ike -wave d i scharges , because the non-ep i l ep t i c 
r a t was not af fec ted . 
INTRODUCTION 
A neuro lep t ic ana lges i c combination of fentanyl and f luanisone 
(Hypnorm) has been repor ted to provide seda t ion and ana lges i a in 
small r oden t s and is widely used in biomedical research (Green 
1975). Fentanyl i s a narcot ic ana lges ic with p rope r t i e s s imi l a r to 
those of morphine, an op ia te agonis t , and with a comparat ive high 
potency ( J a n s s e n et aL 1963). Fluanisone is a major 
t r anqu i l l i ze r of the c l a s s of the butyrophenones , which have p o t e n t 
dopamine a n t a g o n i s t i c p rope r t i e s (Van Wijngaarden et aL 1987). 
Both the opioid and the dopaminergic t r ansmis s ion in the brain 
rece ive cons iderab le a t t e n t i o n in view of mechanisms control l ing the 
occurrence of spon taneous sp ike -wave d i scha rges in the cor t ica l EEG 
of r a t s (Láson et aL 1990; Warter 1988). Haloperidol, one of the 
bu tyrophenones ,be longing to the same group a s f luanisone , produces 
a dose -dependen t inc rease in dura t ion of sp ike -wave d i s c h a r g e s in 
the r a t (Kleinlogel 1985; Warter et aL 1988). With regard to the 
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analgesie properties of fentanyl- f luanisone, i t is important to know 
whether the combination has also fac i l i ta t ing e f fec t on spike-wave 
discharges in order to use the combination to study these discharges 
in immobilized, anesthetized animals. 
Spike-wave discharges are quite common phenomena in rodents and 
they occur in d i f f e ren t amounts in rats of various inbred strains 
(Inoue et al. 1990). In the present study, we tested fentany l -
fluanisone in rats of the WAG/Rij inbred stra in which is regarded as 
a genetic animal model of absence epilepsy (Coenen and Van 
Lui j te laar 1987; Van Lui j te laar and Coenen 1986; 1989). All 
individuals of this strain show spontaneously occurring generalized 
spike-wave discharges in the cortical EEG. These discharges have a 
spike-frequency of 7-10 Hz and a mean duration of 5 sec. 
Furthermore, they are characterized by immobility of the body 
together with behavioral concomitants such as vibrissal twitching, 
eye twitching, acceleration of breathing and head t i l t ing . 
Spike-wave discharges are suppressed by anti-absence drugs, and 
aggravated by anti-convulsive drugs as wel l as by GABA agonists 
(Peeters et aL 1988, 1989). In contrast to the WAG/Rij s t ra in . 
individuals of the ACI stra in show almost no spike-wave discharges 
(Inoue et aL 1990). Therefore, the l a t te r s t ra in was used to 
determine whether fentanyl- f luanisone induces new spike-wave 
discharges by i t s e l f or af fects already existing spike-wave 
dischardes. 
Fentanyl alone was tested in the WAG/Rij rats to clari fy the 
e f fec t of one compound of the fentanyl - f luanisone combination. I t 
can be assumed that fluanisone alone has identical e f fects as 
haloperidol (Van Wijngaarden et aL 1987). 
MATERIALS AND METHODS 
Six male WAG/Rij rats and f ive male ACI rats, aged between 7 and 
8 months, were used. All ra ts were born and raised in our laboratory 
and had ancestors which were purchased from the REPGO inst i tute of 
TNO at Ri jswi jk in the Netherlands. Rats were housed singly in 
Macrolon cages (25x30x35 cm) and were maintained on a 12-12 l ight -
dark cycle with white l ights on a t 21:00 h. They had ad lib access 
to standard food and tap water. Electrodes were permanently 
implanted under pentobarbital anaesthesia (60 mg/kg ) . Two gilded 
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screws were positioned on the dura: one on the f rontal region 
(coordinates with skull surface f l a t and bregma 0 -0 : A2.0, L3.5) and 
a second one on the parietal cortex (A-6.0, L4.0) . The ground 
electrode was placed over the cerebellum. Two addit ional stainless 
steel screws were attached to the skull for anchorage. All 
electrodes were led to a receptacle and the whole assembly was 
secured to the skull surface with dental acrylic. An EEG was 
registered on a polygraph (Elema-Schönander) with f i l t e r set t ing 
between 1-70 Hz and paper speed of 1 cm/sec. Following surgery, 
subjects were allowed to recover for 10 days and habituated to the 
experimental conditions prior to the experimental days. In al l 
experiments, a EEG was recorded during one hour before drug 
administrat ion (basel ine) and three hours af ter in ject ion. 
Experimental days were 6 or 7 days apart. 
The fentanyl - f luanisone mixture (0.2 mg fentanyl and 10 mg 
fluanisone per 1 ml, Hypnorm, Janssen Pharmaceutica Ltd, Beerse, 
Belgium) was administered intramuscularly in doses of 1.0 ml/kg 
( fentanyl 0.2 mg/kg-f luanisone 10 mg /kg ) , 0.5 ml /kg (0.1 mg/kg-5 
mg/kg) and 0.05 ml /kg (0.01 mg/kg-0.5 mg/kg) . All doses are 
expressed as ml /kg for reasons of clarity. All WAG/Rij rats were 
used four times in a counterbalanced design; for a saline control 
recording and for the three dosages of the drug. 
The amount of spike-wave discharges for each ra t was determined 
in the baseline recording of one hour and in periods of 30 minutes 
during the three hours af ter inject ion and was expressed as an 
occupancy of EEG by spike-wave discharges. Criteria for measuring 
and identi fying spike-wave discharges are described elsewhere (Van 
Lui j t laar and Coenen 1986). The frequency of the spikes in the 
spike-wave discharge was measured a t the f i r s t spike-wave discharge. 
Measurements were made in al l periods of 10 minutes during the f i r s t 
30 minutes af ter drug inject ion and then in each succeeding period 
of 30 minutes. Analysis of variance and Fisher post hoc tests were 
ut i l ized for s ta t is t ica l ver i f icat ion. 
Five female WAG/Rij rats aged between 5 and 6 months were used 
for the test of fentanyl alone. Rats were purchased from the 
REPGO-institute of TNO and kept under conditions similar to those 
for the rats bred in our laboratory. Fentanyl was solved in saline 
0.2 mg/ml, the concentration being comparable with that of 
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fentanyl- f luanisone combination. Doses of 0.1 mg/kg (0.5 ml /kg) and 
of 0.2 mg/kg (1 ml /kg) were tested. The amount of spike-wave 
act iv i ty was counted in the base line recording of 1 hour, in the 
periods of 0-5 min and 5-30 min a f ter drug administrat ion and in the 
succeeding periods of 30 minutes. 
In the ACI rats which were born and raised in our laboratory, the 
1.0 ml/kg dose of fentanyl- f luanisone was tested and compared with 
results from the same dose in the WAG/Rij rats. Registrations and 
measurement of spike-wave discharges were the same as for the 
WAG/Rij rats. 
RESULTS 
The ef fects of fentanyl- f luanisone on the amount of spike-wave 
discharges of the WAG/Rij rats are i l lustrated in Fig. la . Prior to 
in ject ion, a l l rats showed spontaneous spike-wave discharges; these 
were seen over an average of 7.2 X of the base- l ine period. 
Following in ject ion of fentanyl - f luanisone, the amount of spike-
wave act iv i ty signif icant ly increased for a l l doses during the f i r s t 
30 minutes as compared with a level of the control saline in ject ion 
(ANOVA p<0.001). The increase did not have a simple dose-dependent 
relat ionship, but instead an inverse dose-dependent fac i l i ta t ion of 
spike-wave act iv i ty was observed. The largest increase was found at 
the lowest dose (0.05 ml /kg) followed by 0.5 ml /kg and lml /kg 
(Fisher p<0.05). 
For the 0.05 ml/kg dose, the increase of spike-wave discharges 
stopped a f ter 30 min and slowly returned to the base- l ine level in 
the period of 210-240 min after in ject ion (not shown in Fig. l a ) . 
For the doses of 1 ml/kg and 0.5 ml /kg, the increase in the amounts 
of spike-wave act iv i ty in the f i r s t 30 minutes decreased in the 
period of 30-60 min following in ject ion. This decrease was 
signif icant for the 1 ml/kg (Fisher p<0.05) and not s igni f icant for 
the 0.5 ml /kg inject ions. Later, the amount of spike-wave discharges 
continued to decrease for 1 ml/kg ( t i l l 120 min a f ter in ject ion) but 
the level retained above the saline control level . Spike-wave 
discharges started to increase again a t 90-120 min a f ter in ject ion 
for the dose of 0.5 ml /kg and a t the period of 120-180 min a f ter 
inject ion for the dose of lml /kg . During a l l recording periods, the 
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Fig. 1. Effecs on the amount of spike-wave discharges, in 
successive 30 min periods following intramuscular injection, of 
three different doses of fentanyl-fluanisone (0.05, 0.5, and 1 
ml/kg) in the WAG/Rij strain, a: Amount of spike-wave 
discharges. Each point represents the mean amount of spike-wave 
discharges with S.D. of 6 rats as the percentage of total 
duration of spike-wave discharges in the recording period. 
Closed symbols: values significant at p(0.05 (Fisher) vs saline 
control recording; open symbols: value not significant vs saline 
control, b: Frequency of spikes in spike-wave discharge. Closed 
symbols: values significant at p<0.05 (Fisher) vs baseline 
recording; open symbols: values not significant vs baseline 
recording. ANOVA * р<0.05, ** pKO.01, *** p<0.001. 
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amount of spike-wave act iv i ty was larger with the dose of 0.5 ml /kg 
than with the dose of 1 ml/kg (Fisher p<0.05). 
During a few minutes af ter in ject ion, the duration of spike-wave 
discharges was lengthened for a l l doses. For the 0.05 ml/kg dose, 
the duration of the discharges often lasted more than 30 seconds and 
sometimes lasted more than 2 minutes for 90 min a f ter the in ject ion. 
After this period, the occurrence of spike-wave act iv i ty became 
more periodic. For 0.5 ml/kg and 1 ml /kg doses, a shortening of the 
duration was observed af ter a few minutes. Long duration spike-wave 
act iv i ty appeared again a t 120 min af ter inject ion for 0.5 ml /kg, 
whereas the shortening in duration lasted unti l the end of the 
recording period for 1 ml /kg. Although the general shape of the 
spike-wave complex was unaffected, a lowering of the frequency of 
spikes in the spike-wave discharges was observed with a l l doses 
(Fig. l b ) . During the f i r s t few minutes jus t a f ter the in ject ion, 
spike-frequency was not affected with any of the doses, although an 
increase in the amount of spike-wave act iv i ty was already seen a t 
that time. Then the frequency began to decrease for a l l doses. For 
0.05 ml /kg, the spike-frequency decreased sl ight ly t i l l a minimum of 
7 Hz and returned to the baseline level of around 9 Hz a t 120 min 
af ter in ject ion. In contrast to the 0.05 ml/kg inject ion, a large 
lowering of the frequency of spikes in the spike-wave discharge was 
observed for 0.5 and 1 ml /kg doses. For the 0.5 ml /kg dose, the 
frequency lowered to 6 Hz. Preceding the increase of the amount of 
spike-wave act iv i ty , spike-frequency returned to 7 Hz a t 90 min and 
up to 8 Hz a t 180 min. For 1 ml /kg, spike-frequency lowered to 5 Hz 
unti l the time of 30 min af ter in ject ion. After 30 minutes, the 
frequency was gradually restored but i t remained signif icant ly below 
the usual level unt i l the end of the recording session. 
Background act iv i ty for the 0.05 ml /kg dose was mostly that found 
during wakefulness and sometimes during slow-wave sleep. For 0.5 
ml /kg, the background act ivi ty looked mainly l ike that of l ight 
s low-wavesleep.Wakefu lness- l ikeact iv i ty sometimes appeared 90 min 
af ter in ject ion. For 1 ml /kg, the background act iv i ty was similar to 
s low-wave sleep throughout the whole period. For the 0.05 ml /kg 
dose, ra ts were immobilized during the f i r s t 30 minutes and only 
twitching of the vibrissae was sometimes seen. Later they showed 
occasionally small movements such as changes of posture, but in 
these periods the rats did not react to painful st imul i . Large 
movements such as walking occasionally occurred 60 min af ter 
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Fig. 2. Effects on spike-wave discharges in 5 rats of the 
WAG/Rij strain following fentanyl alone injection, a: Amount of 
spike-wave discharges, b: Frequency of spikes in spike-wave 
discharge. Symbols and conventions are the same as in Fig. 1. 
in ject ion, although the rats were mostly in an immobilized state. 
When the occurrence of spike-wave act iv i ty became periodic, the rats 
behaved normally during inter icta l periods. During spike-wave 
discharges, rats were immobilized and showed often v ibr issal 
twitching. A narcotic state was seen unt i l around 60-90 min after 
in ject ion for 0.5 ml/kg and unt i l the end of the observation period 
for 1 ml/kg. Analgesia accompanied most of this stage: rats did not 
- 5 1 -
respond to touching the body or to pinching tai ls or ears. Analgesia 
decreased after about 90 min following injection for 0.5 ml/kg and 
from about 150 min for 1 ml/kg. Later in this period small movements 
of the tail were observed. After the narcotic s ta te , rats were s t i l l 
immobilized except for small movements of the tail. This lasted 
until the end of the observation period. 
An injection of fentanyl alone a lso affected the amount of 
spike-wave discharges in WAG/Rij rats (Fig. 2a) . During the f i r s t 
few minutes after injection, several trains of spike-wave discharges 
were observed. However, shortly thereafter during 30 or 60 min for 
the dose of 0.5 ml/kg, or during 45 or 80 min for the dose of 1 
ml/kg, the rats were in a deep narcotic s ta te and did not show any 
spike-wave discharges. After that time, the spike-wave discharges 
re-appeared, while the rats were s t i l l immobilized for 15-30 min. 
Then the rats awakened and behaved in a normal way. The amount of 
spike-wave discharges increased moderately, but this increase 
differed not s ignif icantly from the sal ine control level for 0.5 
ml/kg in any period. On the other hand, for the dose of 1 ml/kg, the 
increased amount of spike-wave discharges differed signif icantly 
from that of the sal ine control at the 120-150 min period and at the 
150-180 min period min. Analgesia lasted about 60-70 min for 0.5 
ml/kg and 80-100 min for 0.1 ml/kg. A lowered spike-frequency in 
spike-wave discharges was also observed (Fig. 2b ) . The frequency was 
decreased till a minimum of 6 Hz for 0.5 ml/kg and 5 Hz for 1 ml/kg. 
However, the frequency recovered rapidly to 7 Hz in 60 min after 
injection for 0.5 ml/kg, in 90 min for 1 ml/kg, and to 8 Hz in 150 
min for both dosages . The time course of the frequency change was 
concurrent with that of the narcotic s ta te . 
The strain difference in the e f f e c t s of fentanyl-f luanisone is 
summarized in Fig. 3. Four of five ACI rats showed a small amount of 
spike-wave discharges in their baseline recordings (on the average 
0.15 X). After drug administration at a 1 ml/kg dose, spike-wave 
discharges in the rats increased signif icantly (e.g. 2.2 X of 
recording time at the f irs t 30 min) compared with the sal ine control 
recordings during the whole recording period. The background 
activity was similar to s low-wave s leep throughout. The amount of 
spike-wave discharges showed the same time course, as observed for 
the 1 ml/kg inject ion in the WAG/Rij rats . The increased level of 
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Fig. 3. Amount of spike-wave discharges in 4 rats of ACI 
strain, and in 6 rats of the WAG/Rij strain following fentanyl-
fluanisone injection. Closed symbols: values significant at 
p(0.05 (Fisher) vs saline control for each strain; open symbols: 
values not significant vs saline control. 
the amount of spike-wave activity in the ACI rats, however, did not 
even reach sal ine control amounts of the WAG/Rij rats. 
One rat which never showed a s ingle spike-wave discharge in three 
times the control recording, a lso showed no spike-wave discharges 
after injection of fentanyl-fluanisone. 
DISCUSSION 
The resul ts of the present study show that the combination of 
fentanyl-fluanisone (Hypnorm) has a facil itating e f fect on the 
occurrence of spike-wave activity, but this is not monotonously 
dose-dependent. At the lower dose, the e f fect i s a simple increase 
followed by a constant decrease of the spike-wave activity, whereas 
the e f fect has three phases at high dosages. The f irst phase is a 
moderate increase jus t after injection as comparable with the lower 
dose, the second phase is a relative decrease of the increased 
amount of the spike-wave discharges, and the third phase is again an 
increment These high doses produce a suff ic ient anesthet ic analgesic 
s t a t e in rats (Green 1975). On the other hand, a dose-dependent 
decrease of spike-frequency in the spike-wave discharge i s observed. 
This lowered spike-frequency is almost concurrent with the 
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decreas ing phase of the amount of sp ike -wave d i scharges . 
One compound of the combination, f luanisone, is a dopamine D2 
recep tor an tagonis t ; one of the butyrophenones comparable with 
haloperidol (Van Wijngaarden et aL 1987). It i s repor ted t h a t D2 
a n t a g o n i s t s have an ex t reme enhancing e f fec t on the amount of 
sp ike -wave ac t iv i ty in a dose dependent manner (Kleinlogel 1985; 
Warter et al. 1988), but no lowering e f fec t on sp ike- f requency 
was repor ted . The r e s u l t s of admin i s t r a t ion of the o the r compound, 
fentanyl , in the p r e s e n t exper iment shows t h a t t h i s drug abo l i shes 
sp ike -wave ac t iv i ty , concurrent with i t s narcot ic ef fect . The amount 
of sp ike -wave ac t iv i ty s t a r t s to increase again moderate ly a t the 
end of na rcos i s period. The sp ike -wave d i scha rges then have a 
lowered sp ike- f requency . We the re fore s u g g e s t t h a t the main 
fac i l i ta t ing e f fec t on the sp ike -wave ac t iv i ty of the f en tany l -
f luanisone combination is caused by the D2 a n t a g o n i s t i c e f f ec t of 
f luanisone and t h a t the decreas ing phase is due to an inhibi tory 
e f fec t of fentanyl . When th i s e f f ec t of fentanyl d e c r e a s e s , 
enhancement of sp ike -wave ac t iv i ty become prominent and the amount 
of the ac t iv i ty i nc r ea se s . The lowered sp ike- f requency in the 
sp ike -wave d i scha rges under f en tany l - f luan i sone might be a t t r i b u t e d 
to the suppres s ing e f f ec t of fentanyl a s well. 
The inhibi tory e f f e c t s on sp ike -wave d i scha rges by fentanyl (both 
for the amount and for the sp ike - f requency) i s well co r re la ted to 
the narcot ic period. In the physiological s t a t e , sp ike -wave ac t iv i ty 
does not occur during deep-s low wave s l eep , which r e p r e s e n t s a 
physiological s u p p r e s s i v e s t a t e of the brain (Van Lui j t e laa r and 
Coenen 1989). Furthermore, the narcot ic period, caused by 
fen tany l - f luan i sone , is much longer than t h a t caused by fentanyl 
alone. Fluanisone p o t e n t i a t e s the ana lges i a provided by fentanyl 
(Green 1975) and probably the na rcos i s a s well. The time course of 
the narcot ic s t a t e by f en tany l - f luan i sone a l so cor responds to t h a t 
of the decreas ing phase of the amount of sp ike -wave ac t iv i ty and of 
sp ike- f requency. Although the mechanisms of act ion of fentanyl a re 
not fully unders tood because of the complexity of op ia te funct ions, 
ih seems likely t h a t the mechanism causing the na rcos i s i n t e r f e r e s 
with the mechanism for the occurrence of sp ike -wave d i scha rges . 
Al ternat ively , the suppress ion may be caused indirect ly by secondary 
p roces se s , r e l a t ed to hhe narcos i s . In con t ra s t , i t has been 
repor ted t h a t the op ia t e mu a g o n i s t p o t e n t i a t e s the occurrence of 
sp ike -wave d i scha rges (Lasón et al. 1990). The modera te inc rease 
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of spike-wave discharges by fentanyl a f ter narcosis could be due to 
this mechanism. 
To si tuate the presently described drug e f fects , one has f i r s t to 
distinguish aspecif ic and specific e f fec ts . An aspecif ic act ivat ion 
of both physiological spindles and spike-wave act ivi ty has been 
described for drugs such as Etomidate in WAG/Rij rats (Duysens et 
aL) and in ACI rats (Inoue unpublished observat ion) . On the other 
hand, the presently described ef fects can be termed specif ic since 
the drugs used caused a faci l i tat ion of spike-wave discharges only 
and not of physiological sleep spindles, neither in the WAG/Rij nor 
the ACI rats. 
Within the specif ic ef fects a further distinction can be made 
between the generation and the potentiat ion of spike-wave act iv i ty . 
Drugs, af fect ing specif ical ly the generation of spike-wave act iv i ty , 
induce spike-wave discharges even in non-epileptic rats. This is the 
case for pentylentetrazol (Marescaux et aL 1984; Buzsáki et al. 
1990). Such e f fec ts were not seen in the present study, since 
fentanyl- f luanisone did not induce spike-wave discharges in an ACI 
rat, lacking spontaneous spike-wave act iv i ty , instead, the e f fec t of 
the drug combination can be described as a selective potentiat ion of 
spike-wave act iv i ty . Such potentiat ing e f fects have been described 
with another dopamine antagonist (Buzsáki et aL 1990). The 
e f fec t of dopamine is suggested to be due to suppressing e f fec t on 
exist ing generalized spike-wave discharges (Meldrum et aL 1975; 
Quesney et aL 1981). 
In conclusion, the combination of fentanyl- f luanisone fac i l i ta tes 
the occurrence of spike-wave discharges. The faci l i tat ing e f fec ts 
may be at tr ibuted mainly to the dopamine-antagonistic property of 
fluanisone. The secondary decrease and the lowering in spike-
frequency of the spike-wave discharges might be due to suppressive 
ef fects by fentanyl during narcosis. The e f fects of the combination 
are specif ical ly on the epileptic spike-wave discharge and not on 
other physiological rhythmic act iv i t ies as spindles. A potent iat ion 
of already exist ing spike-wave discharges is observed as the 
non-epileptic ra t is not affected. In addition, the compounds 
specif ical ly enhances spike-wave discharges under sedation and 
analgesia. This means that this combination of drugs is useful for 
the experimental study of spike-wave act iv i ty in immobilized, 
anesthetized animals. 
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C h a p t e r V 
THALAMIC MULTIPLE UNIT ACTIVITY 
DURING SPIKE-WAVE DISCHARGES IN RATS 
SUMMARY 
In spontaneous ly ep i lep t ic WAG/Rij r a t s , mult iple uni t 
ac t iv i ty during sp ike -wave d i scha rges was recorded under 
neuro lep t ic ana lges i a . Recordings were made in the f ronta l 
cortex, and in the thalamic spec i f ic (ven t ropos te r io r ; 
v e n t r o l a t e r a l ) , the mediodorsal (MD), the thalamic r e t i cu l a r 
(RT), the in t ra laminar (centra l median, CM; cen t ra l l a t e r a l , CL; 
pa racen t ra l , PC) and the an te r io r thalamic ( i n t e ran te romedia l , 
IAM) nuclei . Rhythmic uni t firing concurrent with the s p i k e -
component of the cort ical sp ike -wave complexes, was observed in 
the cortex and in the specif ic , the mediodorsal , and the RT 
nuclei . The ac t iv i ty in the spec i f ic and the mediodorsal nuclei 
preceded the peak of the spike-component . The b u r s t in the RT 
was l a t e r and broader than in the spec i f i c nuclei . A wave-
concurrent firing p a t t e r n was observed in the CL-PC. Cells in 
the CM and the IAM did not f i re in a phase- locked manner. 
Neurons in the IAM were usual ly tonically ac t iva ted during 
sp ike -wave d i scha rges . It is sugges t ed t h a t the thalamic nuclei , 
which a re thought to be involved in cort ical sp ind les , play a 
role in the genera t ion of ep i lep t ic sp ike -wave ac t iv i ty a s well . 
The CL-PC and IAM findings indicate t h a t t h e s e a r e a s may be 
involved in spec i f ic modulat ions of t h i s sp ike -wave ac t iv i ty . 
INTRODUCTION 
Thalamic rhythmic osc i l l a t ions a r e considered to under l ie 
physiological neocort ical rhythmic ac t iv i ty such a s s p i n d l e s , 
Unit ac t iv i ty in spec i f ic nuclei and in the thalamic r e t i c u l a r 
nucleus shows rhythmic firing, phase - locked to sp ind le ac t iv i ty 
(Ster iade and Llinás 1988). Several l ines of research a l so s u g g e s t 
an involvement of thalamic rhythmic o s c i l l a t i o n s in s p i k e - w a v e 
d i scha rges in the cortex. In penicill in induced sp ike -wave ac t iv i ty 
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of cats, cells in the thalamic specif ic nuclei f i red concurrent with 
the spike-component of cortical spike-wave discharges (McLachlan et 
aL 1984). In spontaneously occurring spike-wave discharges of 
rats, spike-concurrent unit act iv i ty has also been reported in the 
thalamic specif ic nuclei (Semba et aL 1980; Buzsáki et aL 
1988b). In addition, a close correlation was found between the 
wave-component of cortical spike-wave act iv i ty and unit act iv i ty in 
the thalamic ret icular (RT) nucleus (Buzsáki et aL 1988b). A 
lesion in the RT nucleus abolished the occurrence of spike-wave 
discharges in rats (Buzsáki et al. 1988b) and spindle act iv i ty in 
cats (Steriade et aL 1985). Hence the RT nucleus has been 
claimed to play an important role for rhythmic oscil lat ions in 
thalamus and cortex, either during physiological spindles or during 
aberrant spike-wave discharges (Steriade and Llinás 1988; Buzsáki 
1991). 
However, the link between the spike-wave act iv i ty in d i f f e ren t 
strains of rats mentioned above, and human epileptic act iv i ty is 
uncertain. In contrast, this link is wel l -establ ished for rats of 
the WAG/Rij inbred st ra in . Electroencephalographical, behavioral and 
pharmacological manifestat ions of the spike-wave act iv i ty 
demonstrated the val idi ty of the s t ra in as a model for human absence 
epilepsy (Peeters et al. 1988; Van Lui j te laar and Coenen 1989). 
I t is unknown, however, whether thalamic rhythmic oscil lations 
underlie such genuine epileptic spike-wave discharges. 
Moreover, in comparison with the specif ic and the RT nuclei, 
other thalamic nuclei such as the intralaminar nuclei or the 
anterior thalamic nuclei, have not yet been investigated in detai l 
with respect to spike-wave act iv i ty in rats. In penicill in 
administrated cats, intralaminar nuclei showed unit act iv i ty 
concurrent with the wave component of cortical spike-wave act iv i ty 
(McLachlan et aL 1984). Activity in the intralaminar nuclei 
during the spike-wave discharges in the WAG/Rij rats has not yet 
been investigated. Chemical lesion studies have indicated that the 
anterior thalamic nuclei influence pentylenetetrazol induced 
generalized seizure in rats and guinea pigs (Mirski et aL 1986; 
Mirski and Ferrendeli 1987). This type of seizure responds to 
anti-absence drugs in the same manner as spontaneous spike-wave 
act iv i ty in rats. Therefore the anterior part of the thalamus may 
also contribute to the generation or modulation of the spontaneous 
spike-wave act iv i ty . 
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In the p r e s e n t s tudy, the link be tween cort ical sp ike -wave 
ac t iv i ty and ex t r ace l l u l a r uni t ac t iv i ty in the tha lamus in the 
ep i lep t ic WAG/Rij r a t s i s inves t iga ted to desc r ibe ac t iv i ty p a t t e r n s 
during sp ike -wave d i scha rges in cortex and in thalamic a r e a s , both 
in and ou t s ide the spec i f ic and the RT nuclei , and to r e l a t e t h e s e 
p a t t e r n s to poss ib le mechanisms for the genera t ion or modulat ion of 
sp ike -wave d i scha rges . 
METHODS AND MATERIALS 
The exper iments were performed on 20 female WAG/Rij r a t s , aged 
between 7 to 14 months. All r a t s were born and ra i sed under 
ident ical environmental condit ions in our labora tory . They were 
housed individually and maintained on a 12-12 l igh t -dark cycle with 
white l igh t s on from 21:00 to 9:00 h in order to make record ings 
during dark per iods in which r a t s shows more sp ike -wave d i s cha rges 
than during l ight per iods (Van Lui j t e laa r and Coenen 1988). Prior to 
the s emi -acu t e exper iments , e l e c t r o d e s to record the cort ical EEG 
(P las t i c Products Company, MS 333/2-A) were permanent ly implanted 
under Nembutal a n e s t h e s i a (50 m g / k g ) . E lec t rodes were pos i t ioned on 
the dura: one over the frontal region a s an ac t ive e l ec t rode 
(coordina tes A2.0, L3.5) (Paxinos and Watson 1982) and a second and 
third one over the cerebellum a s i nd i f f e r en t and ground e l e c t r o d e s 
r e spec t ive ly . The whole assembly was secured to the skul l su r f ace 
with two addi t ional s c r e w s and with den ta l acryl ic cement. Rats were 
allowed to recover for a t l e a s t ten days . 
Ext race l lu la r uni t ac t iv i ty record ings were performed under 
Hypnorm ( J a n s s e n Pharmaceutica Ltd. Belgium) neuro lep t i c ana lges i a , 
(0.5 ml /kg) with 2 X Xylocain admin i s t r a t i on a t the wound edge. If 
necessa ry , addi t iona l dosage up to 1 ml/kg in to t a l for a recording 
s e s s i o n was admin i s te red . Hypnorm i n c r e a s e s sp ike -wave ac t iv i ty a t 
the dosages used in the p r e s e n t exper imen t s (Inoue et aL 
s u b m i t t e d ) . The r a t s were placed in a s t e r e o t a x i c a p p a r a t u s with 
bregma and lambda hor izonta l plane. A hole was dril led into the 
skull to allow e x t r a c e l l u l a r uni t ac t iv i ty recording (coordinate for 
thalamic nuclei VPL, VPM, VL: A-2.3--2.5, L2.4-2.5. IAM, CM, MD, 
CL-PC: A-1.8~2.8, LO-0.5, cortex: A2.0, L3.5-4.0). When cor t ical 
uni t ac t iv i ty was recorded, an e l ec t rode for su r face EEG was placed 
on the dura in the same hole a s used for the microe lec t rode . 
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Extracellular unit recordings were made with a tapered tungsten 
microelectrode (impedance 2-5 MO , Micro Probe Inc.)- Unit a c t i v i t y 
and depth EEG recorded with the same microelectrode, were amplif ied 
with f i l t e r s a t 0.3-10 kHz for unit a c t i v i t y and a t 1-100 Hz for the 
depth EEG respectively (DAGAN 2 4 0 0 ) . The cortical EEG was registered 
on a polygraph (Mingograph, Elema-Schonander) with f i l t e r s e t a t 1 -
70 Hz In addition, the cortical EEG and the e x t r a c e l l u l a r unit 
a c t i v i t y were continuously monitored on an oscilloscope. Appropriate 
segments of bioelectric a c t i v i t i e s of 1-3 minutes were selected for 
each d i f f e r e n t depth of the microelectrode tip and stored on a 
magnetic tape recorder (Hewlett-Packard 3960 instrumentation 
recorder) for l a t e r o f f - l i n e analysis At the end of the recording 
session, a t l e a s t two small e l e c t r o l y t i c lesions were made with 
0 1-0.3 mA current for 5 to 20 sec The rats were used for one or two 
semi-acute experiments, with a 6 to 7 days interval 
For the o f f - l i n e analysis, the multiple unit act iv i ty was 
discriminated from noise level recordings on the basis of amplitude 
using a custom made window discriminator. All signals were d i g i t i z e d 
on a SUN 3/160 workstat ion with a resolution of 500 Hz for the 
cortical and depth EEGs and of 10 kHz for the multiple unit 
act iv ity. 
The cortical EEG was used for EbG-spike triggered analysis of 
e x t r a c e l l u l a r unit a c t i v i t y Noiseless segments of 15 sec were 
selected from recorded data The peak of the spike component of the 
cortical EEG was used as a trigger for the averaging procedure. The 
multiple unit spike activ ity, cortical and depth LEG, occurring 250 
msec before and a f t e r this trigger, were lined up for 20 spike-wave 
complexes, using a bin width of 1 msec (Fig. 1 b o t t o m ) . The spike-
wave complexes, selected for f u r t h e r analysis, were chosen on the 
basis of amplitude (see horizontal l ine in Fig 1 t o p ) . To determine 
precisely the phase relationship between the cortical EEG and the 
multiple unit act iv i ty, the median of the cumulative frequency of 
unit a c t i v i t y in 1 msec bins was calculated over a period of 70 msec 
before and a f t e r the peak of the spike-component. This median was 
used to calculate the peak of unit f i r ing. Mann-Whitney U was 
ut i l ized to t e s t for s t a t i s t i c a l significance. 
After the experiments, the animals were perfused with saline and 
4 X formaldehyde. The brains were kept in the same solution for 4 
days and then immersed in 30 Ζ sucrose for 4 to 6 days. Serial 
frozen sections (32 or 48 am) were cut and stained both with 
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Fig. 1. An example of EEG-spike triggered analysis in the VPL 
nucleus. The upper trace and the bottom trace, both at the top and 
at the bottom panels, represent cortical spike-wave complexes and 
depth field potentials respectively ( average of 20 samples in the 
bottom panel). In the middle trace of the top panel, action 
potentials are shown in frequency histograms of 15 msec bin width. 
In the bottom panel, the unit activity (1 msec bin) during 20 
spike-wave complexes, corresponding to those indicated by a dotting 
the top panel, is shown along with a cumulative histogram. 
Calibrations: 500 ¡¡V. Positivity is upward deflected. 
- 6 5 — 
potass ium ferrocyanide (metal s t a i n ) and cresy l v i o l e t (Vacca 
1985). 
Abbreviations 
CM 
CL 
IAM 
HP 
MD 
MDC 
MDL 
PC 
RT 
VL 
VPL 
VPM 
c e n t r a l m e d i a l n. 
c e n t r o l a t e r a l n. 
i n t e r a n t e r o m e d i a l n. 
hippocampus 
m e d i o d o r s a l η. 
m e d i o d o r s a l η. c e n t r a l 
m e d i o d o r s a l η. l a t e r a l 
p a r a c e n t r a l η. 
t h a l a m i c r e t i c u l a r η. 
v e n t r o l a t e r a l η. 
v e n t r o p o s t e r o l a t e r a l η. 
v e n t r o p o s t e r o m e d i a l η. 
RESULTS 
A high incidence of spike-wave a c t i v i t y was observed in al l r a t s . 
The sp ike-wave ac t iv i ty under Hypnorm was principal ly s i m i l a r to the 
one in u n a n e s t h e t i z e d animals , e x c e p t for a higher incidence of 
sp ike-wave d i s c h a r g e s and a d e c r e a s e in spike-frequency within 
sp ike-wave a c t i v i t y b u r s t (6-7 Hz i n s t e a d of 8-10 Hz). Vibrissal 
twitching often accompanied the occurrence of sp ike-wave d i s c h a r g e s 
(a s i s a l s o seen during spike-wave d i s c h a r g e s in awake a n i m a l s ) . 
Recordings of e x t r a c e l l u l a r uni t a c t i v i t y t o g e t h e r with local 
field ac t iv i ty were made in f ronta l cortex (recording s i t e s N = 13) 
and in the following thalamic nuclei : v e n t r o p o s t e r o l a t e r a l (VPL, 
N 1 4 ) , v e n t r o p o s t e r o m e d i a l (VPM, N=23), v e n t r o l a t e r a l (VL, N=26), 
cent ra l p a r t of mediodorsa l (MDC, N=6), l a t e r a l p a r t of mediodorsa l 
(MDL, N=6), tha lamic r e t i c u l a r (RT, N=3), c e n t r a l medial (CM, N=8), 
c e n t r o l a t e r a l - p a r a c e n t r a l nuclei (CL-PC, N=4), and i n t e r a n t e r o ­
medial (IAM, N=11) nuclei . 
Multiple u n i t a c t i v i t y and field p o t e n t i a l s were phase- locked to 
cort ical sp ike-wave complexes in cort ica l deep l a y e r s and in m o s t of 
the tha lamic nuclei recorded from, namely in al l spec i f ic re lay 
nuclei (VPL, VPM, VL), MD nucleus, RT nucleus and i n t r a l a m i n a r CL-PC 
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Fig. 2. Tonic unit activity in ¡AM during a spike-wave 
discharge. Representative spike-wave discharges (top), 
simultaneously recorded extracellular activity (frequency 
histogram of 15 msec bin width)(middle) and depth field 
potentials (bottom trace). Calibrations are 500 д . Positivity 
is upward deflected. 
nuclei. An example of the phase-locked local rhythmic activity in 
the VPL nucleus together with cortical spike-wave discharges is 
shown in Fig. 1 ( top). In the area where phase-locked unit activity 
was recorded, the rhythmic unit activity and rhythmic field 
potentials were mostly well correlated. The onset and duration of 
the periods of rhythmic activity coincided with the periods of 
cortical spike-wave discharges. Exceptionally, in 2 recording places 
of the VPL and 4 of the VPM nuclei, local rhythmic activity s tarted 
sometimes a few cycles earlier than the onset of cortical spike-wave 
discharges. On the other hand, local field activity in the VL 
nucleus occasionally occurred later (7/26) and/or was of shorter 
duration (7/26) than the cortical spike-wave activity. In such 
cases, thalamic unit activity was not necessarily delayed as well. 
Moreover, the unit activity in the specific relay nuclei often 
showed more vigorous firing a t the onset of the period of spike-wave 
discharges. This was seen in 3/14 cases for the VPL, 10/23 cases for 
the VPL, and 3/26 cases for the VL. This dominant firing during the 
onset of spike-wave discharges is i l lustrated in the example of Fig. 
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140 msec 
Fig. 3. An example of a depth profile of a single penetration. 
Recordings places are indicated in a left schematic 
representation of brain section (modified from Paxinos and 
Watson 1982) with black dots. The middle and the right figures 
are cumulative unit activity and averaged field potentials for 
20 spike-wave complexes. Arrowheads indicate peak of unit 
activity estimated by calculating the median of the cumulative 
frequency histogram (with a bin width of I msec) over a period 
of 140 msec centered around the peak of the cortical spike. 
Distance between most superficial and deepest recording site was 
3.35 mm. Calibrations are 10 action potentials (middle) and 500 
liV (right). Positivity is upward deflected. 
1 ( top) . 
In contrast, the mesial part of the thalamus, including the CM 
and IAM nuclei, did not show any phase-locked unit activity. 
Phase-locked field potentials , however, were always recorded in 
these areas although the rhythmic field potent ia ls sometimes had a 
later onset (2/8 cases for the CM and 2/11 cases for IAM) and/or 
were of shorter duration than the cortical spike-wave discharges 
(4/8 for the CM and 2/11 for the IAM nucle i ) . In the IAM, units were 
tonically activated during spike-wave discharges rather than being 
phase-locked to spike-wave complexes in 7 out of 11 cases (Fig. 2 ) . 
No correlation between unit activity and cortical spike-wave 
activity was observed in the CM. 
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In co r t i ca l upper l aye rs , no u n i t a c t i v i t y could be recorded, 
probably because those areas are s e n s i t i v e to coo l ing o r damage 
induced by the acute exper imen ta l procedure. In the lower p a r t o f 
layer I I I o r in l aye r IV, the c o r r e l a t i o n between u n i t a c t i v i t y and 
sur face recorded sp i ke -wave complexes was unclear. In con t ras t , 
rhy thmic loca l f i e l d p o t e n t i a l s were a lways observed concur ren t w i t h 
su r face recorded s p i k e - w a v e d ischarges. Rhythmic u n i t and loca l 
f i e l d a c t i v i t y in deep co r t i ca l l aye rs (V and VI) co inc ided w i t h the 
occurrence o f su r face sp i ke -wave a c t i v i t y . 
EEG-spike t r i gge red ana l ys i s . 
Extracellular unit activity. 
An example o f EEG-spike t r i gge red ana l ys i s f o r the c o r r e l a t i o n 
between the co r t i ca l sp i ke -wave complexes and m u l t i p l e u n i t a c t i v i t y 
is shown in F ig. 1 ( bo t t om) f o r the VPL nucleus. Mu l t i p l e u n i t 
a c t i v i t y was t i m e - l o c k e d to the sp ike -componen t o f s p i k e - w a v e 
complexes. When p resen t , the u n i t sp i kes occurred in a b r i e f bu rs t , 
hav ing a r a t h e r cons tan t la tency w i t h respec t to the EEG-spike 
component. 
F ig . 3 p resen ts an example o f EEG-spike t r i gge red a n a l y s i s a t 
d i f f e r e n t depths dur ing a mic roe lec t rode p e n e t r a t i o n . Throughout the 
hippocampus, no c o r r e l a t i o n was found between m u l t i - u n i t a c t i v i t y 
and the EEG-spike. Th is f i n d i n g was c o n s i s t e n t f o r a l l expe r imen ta l 
sess ions . In the tha lamus, some nuc le i showed c lear unit-EEG 
c o r r e l a t i o n . When the mic roe lec t rode t i p reached the MDC, 
sp i ke - concu r ren t u n i t a c t i v i t y was recorded, and t h i s a c t i v i t y 
p a t t e r n became c lea re r in the MDL. In the PC, the f i r i n g changed 
suddenly to a wave-concur ren t p a t t e r n . Below the PC, s p i k e -
concur rent a c t i v i t y was again apparen t a t the l e v e l o f VL. 
The f i r i n g p a t t e r n s o f the d i f f e r e n t tha lamic nuc le i are 
summar ized in F ig. 4a. The EEG-spike t r i gge red a n a l y s i s showed t h a t 
the phase- locked u n i t a c t i v i t y in a l l recorded s p e c i f i c re lay nuc le i 
(VPL, VPM, VL) and in the MDL nuc leus was concur ren t w i t h the 
sp ike -component o f the sp i ke -wave a c t i v i t y . Th is s p i k e - c o r r e l a t e d 
f i r i n g preceded the peak t ime o f the sp ike-component . The t ime 
r e l a t i o n s h i p o f the u n i t f i r i n g w i t h respec t to the sp ike -componen t 
o f s p i k e - w a v e complex i s summar ized in F ig . 5 f o r va r ious tha lamic 
nuc le i . Uni ts in the v e n t r o p o s t e r i o r nuc le i f i r e d the e a r l i e s t o f 
the f ou r recorded nuc le i showing s p i k e - c o n c u r r e n t u n i t f i r i n g 
p a t t e r n . Uni t a c t i v i t y in these nuc le i , the VPL and the VPM, had 
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Fig. 4. Cumulative unit activity (left) and averaged depth 
field potentials (right) for 20 spike-wave complexes from 
different recording locations from 7 rats. VPL and VPM; CL-PC 
and MDL; VLmedial and ¡AM were from same rats. The presented 
data for ¡AM is an result anlysed the sample shown in Fig. 2. 
Calibrations are 100 ßV. Positivity is upward deflected. 
a lmos t the same peak t ime (median -12.0 and -11.5 msec) with r e s p e c t 
to the peak of the spike-component in the cort ical EEC. In the VL 
and the MDL, the un i t s fired on median 8.0 and 8.75 msec pr ior to 
the sp ike-component of the sp ike -wave complex. The firing peak for 
the VL came l a t e r than t h a t of the VPL (p<0.001) and the VPM 
(p<0.001), bu t the peak time was not s ign i f ican t ly d i f f e r e n t from 
the MDL (Mann-Whitney U t e s t ) . In the MDL, the firing peak occurred 
l a t e r than in the VPL (p<0.01) and the VPM (p<0.05). In shor t , rank 
o rder of firing peaks was VPL=VPM>MDL VL. 
In the RT, the phase- locked uni t ac t iv i ty was sp ike -concur ren t 
but b u r s t d i scha rges were longer and the median peak of b u r s t 
ac t iv i ty came 1.5 msec a f te r the peak of the sp ike-component of the 
sp ike -wave complex (Fig. 5 ) . This la tency value was s ign i f ican t ly 
d i f f e r en t from the va lues r e l a t ed to uni t ac t iv i ty in the spec i f ic 
nuclei (VL, VPL, VPM (p<0.01)) and MDL (p<0.05)) . 
The in t r a l amina r Cl-PC nuclei showed c lea r wave-co r re l a t ed uni t 
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Fig. 5. Summary of time relationships of peaks of unit activity 
with respect to the peak of the spike-component of the 
spike-wave complex. Median, ql and q3 values of peak latencies 
of different recording sites in each nucleus are shown. Number 
of recording sites are indicated in parentheses at righi 
activity (Fig. 4a). No consistent one-to-one correlation between the 
multiple unit activity and each cortical spike-wave complex was 
found by EEG-spike triggered analysis either in the CM or in another 
mesial part of thalamus, IAM. 
Cortical unit activity and field potentials in different layers 
are shown in Fig. 6. Clear spike-concurrent unit activity was 
observed in layers V and VI. The peak time of unit firing was -4 
msec with respect to the peak of the spike-component. The Mann-
Whitney U t e s t showed that the firing in these deep layers occurred 
significantly later than in any of the thalamic specific nuclei. In 
the middle layers III or IV, unit firing was correlated with the 
spike-component of the spike-wave complex. However the activity 
occurred occasionally and was not constantly accompanying each 
spike-wave complex. 
Field potentials. 
In all recorded thalamic areas, a positive spike-component was 
observed concurrent with the cortical surface negative spike-
component (Fig 4b). The EEG-spike triggered analysis showed a 
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Fig. 6. Depth profile of unit activity (middle/ and depth EEG 
(right J of a single penetration for the cortex (coordinate A2.0. 
L3.5). Distance between most superficial and deepest recording 
sites was 2.1 mm. Format of the figure is the same as in Fig. 3. 
phase-shift of the rhythmic depth field potentials obtained a t 
different thalamic locations. The positive field potential occurred 
synchronously with cortical spike-wave complexes in the RT and in 
most of the specific nuclei in the lateral thalamus, the VPL, the 
VPM and the lateral part of the VL. However, in the lat ter three 
areas, the peak of the potential slightly preceded the peak of the 
positive spike-component in the upper or the medial part of these 
areas (an example is shown for VPM in Fig. 4b). On the other hand, 
the medial part of the VL, the CL-PC nuclei, and the MD showed a 
phase lag (Fig. 3, 4b). In these areas, a negative component 
preceded the positive spike-component. In the IAM, the rhythmic 
positive field potentials were also delayed with respect to the 
cortical spike-component. This effect was strongest in the anterior 
part, while no or less-delayed activity was seen in the posterior 
part. In the other medial part of the thalamus, the CM showed 
positive rhythmic field potentials without phase-shift with respect 
to the cortical spike component. 
The cortical field potentials showed a clear depth profile (Fig. 
6).The upper layers showed a negative spike-component which showed 
no phase-shift with the surface spike-component. The polarity of the 
spike-component reversed in layer V and the amplitude of the 
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pos i t ive peak became maximum in layer VI. No p h a s e - s h i f t be tween 
sur face nega t ive and depth pos i t ive p o t e n t i a l s were observed. 
Gradual phase and ampli tude changes were only seen in the deep 
l aye r s where polar i ty r eve r sa l occurred. 
DISCUSSION 
In the p r e s e n t s tudy, thalamic involvement in sp ike -wave 
d i scharges is demons t ra ted in the gene t i c model for absence 
epi lepsy, the WAG/Rij inbred s t r a i n of r a t s . The da ta show t h a t 
thalamic un i t s f i re concurrent with the sp ike-component of the 
sp ike -wave d i scharge in the spec i f ic re lay nuclei (VPL, VPM, VL) and 
the MD. The RT nucleus shows a l so sp ike -concur ren t uni t f ir ing, 
which is , however, l a t e r and more spread over time than the b u r s t s 
in the spec i f ic nuclei . In con t ras t , wave-concurren t firing was 
observed in the in t ra laminar CL-PC nuclei . The mesia l pa r t of the 
thalamus did not show obvious o n e - t o - o n e cor re la t ion with each 
sp ike -wave complex e i t h e r in the in t r a l amina r CM or in the IAM 
nucleus. However, the IAM is tonically ac t iva t ed during cor t ical 
sp ike -wave d i scharges . 
Our da ta in the spec i f ic re lay nuclei is c o n s i s t e n t with 
previous work on o the r p repa ra t ions of r a t s (Semba et aL 1980; 
Buzsáki et al. 1988b) and ca t s (McLachlan et aL 1984). The 
phase- lock ing of rhythmic firing in the spec i f ic nuclei to cor t ical 
sp ike -wave complexes suppor t s the view t h a t the tha lamus is the 
gene ra to r of the cort ical rhythmic osc i l l a t i ons within the sp ind le 
range (Buzsáki 1991; S ter iade and Llinás 1988). In addi t ion, i t i s 
unlikely t h a t t h i s r ecu r r en t rhythmicity is driven by cor t ica l 
e f f e r e n t ac t iv i ty , s ince the uni t firing in the spec i f ic nuclei 
p recedes the cort ical uni t firing in the ou tpu t l ayers ( laminae V or 
VI). 
The uni t ac t iv i ty in the RT nucleus is sp ike -concur ren t and 
delayed with r e s p e c t to uni t firing in the spec i f ic re lay nuclei . 
This ac t iv i ty could thus r e p r e s e n t exc i t a to ry input s i g n a l s from the 
spec i f ic nuclei to the RT. In con t ras t , wave-concur ren t un i t f ir ing 
has been repor ted in the RT nucleus in sp ike -wave high vol tage 
sp indle ac t iv i ty in awake r a t s (Buzsáki et aL 1988b). The 
discrepancy be tween t h i s l a t t e r r e s u l t s and our own da ta might be 
due e i t h e r to the poss ib le presence of two types of ac t iv i ty in the 
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RT, related to d i f f e ren t recording areas of the RT nucleus, or to 
local ization errors of the recording si tes because of the sheet - l i ke 
structure of the RT. Our results in the RT are l imited to three 
observations, but these were obtained from clearly d ist inct 
locations within the RT. The finding of spike-concurrent RT act iv i ty 
has important implications with respect to current opinions about 
the generation of rhythmic activity in thalamus and cortex. The RT 
nucleus has been proposed to play a pacemaker role for thalamic 
spindle oscil lations in cats (Steriade and Deschenes 1984; Steriade 
and Llinás 1988). A modified hypothesis has been presented, however. 
suggesting that spike-wave high-voltage spindle act iv i ty in rats is 
derived from emergent properties of the network between relay and RT 
cells (Buzsáki 1991). According to the la t te r hypothesis, 
synchronization of rhythmic act ivi ty is brought about by cooperation 
between thalamo-cortical and RT neurons. In this case, thalamo-
cortical neurons do not simply follow the pacemaker command input of 
the RT. Burst act iv i ty in any of the specif ic nuclei or cortex 
activates the RT cells and these act ivated RT cells send inhibitory 
inputs di f fusely (one- to-severa l ) to thalamo-cortical neurons. The 
evoked hyperpolarization is followed by a rebound burst act iv i ty . 
Recurrent act iv i ty of the system forms synchronized rhythmic 
act iv i ty in a wide area of the thalamus and is transferred to the 
corresponding cortical area. The wave-concurrent act iv i ty in the RT 
nucleus reported by Buzsáki et aL (1988b) is suggested to 
conform to the pacemaker theory. On the other hand, the present 
finding of, spike-concurrent RT act iv i ty , delayed with respect to 
the specif ic relay and MD nuclei, is more consistent with the 
emergent network hypothesis. From a study, using single shock 
st imulat ion of leminiscus medialis and recordings in the RT, the 
conduction time between the relay nuclei and the RT is estimated to 
be less than 2 msec (Sumitomo et aL 1989). Hence, i f the RT 
cells are act ivated by axon col laterals of thalamo-cortical neurons, 
the act iv i ty of RT neurons might occur jus t a f ter the burst act iv i ty 
of the corresponding area of relay neurons, as was observed here. In 
addition, the burst discharges in the RT last only for 40-60 msec 
(Sumitomo et aL 1989), much shorter than the wave-concurrent 
bursts described previously (Buzsáki et aL 1988b). 
In the preseny study, wave-concurrent unit f i r ing was not seen in 
the RT, but instead such activity was recorded in the intralaminar 
CL-PC nuclei. Phase-locked unit act iv i ty during spindle act iv i ty has 
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also been reported in cats (Pare et al. 1987). The wave-
concurrent unit pattern, observed in the present study, could be due 
either to periodic, spike-concurrent, inhibition of tonic act iv i ty 
occurring during spike-wave discharge periods, or to excitatory 
inputs during wave periods. With respect to the former possibil i ty 
the origin of the inhibition of the tonic act iv i ty could be the 
f ir ing of RT neurons. GABAergic projections from the RT to 
intralaminar CL-PC have been demonstrated (Jones 1975; Shosaku et 
aL 1989). The CL has a heterogenous a f fe rent input from the 
spinal cord, cerebellum and brainstem ret icular core. Deaffer-
ent iat ion of the somatosensory system evokes epileptic act iv i ty in 
the specific somatosensory nuclei but also in the CL (Albe-Fessard 
et aL 1985). Thus the CL i tse l f may have rhythmic oscil latory 
abil i ty when the excitatory input coming to the nucleus is reduced. 
I t is unclear how the CL-PC contributes to the oscil lat ions of 
spike-wave discharges. Possibly i t may be involved in terminating 
the af ter -hyperpolar izat ion of relay neurons in the specific nuclei 
or i t may increase cortical excitabi l i ty d i f fusely , thereby lowering 
the threshold for spike-wave generation. The a f fe rent act iv i ty from 
the midbrain ret icular core to the CL-PC (Edwards and DeOlmos 1976) 
is transferred to the cortex, and may a f fec t cortical exci tabi l i ty 
(Steriade and Glenn 1982). Alternatively, the CL-PC nuclei a f f e c t 
spike-wave discharges via the neostriatum, since a dense project ion 
to the neostriatum has been reported from the CL-PC (Macci and 
Bentivoglio 1986). 
In the mesial part of the thalamus, CM and IAM did not show the 
one-to-one correlation with the cortical spike-wave complex. The 
same finding has been reported for the AM for spike-wave high-
voltage spindles in awake rats (Buzsáki et aL 1988b). These 
structures are therefore not l ikely to contribute to spike-wave 
discharges. Since the anterior part of thalamus does not have a 
projection from the RT (Mulle et aL 1985), i t is not surprising 
that the rhythmic act iv i ty does not occur in the IAM. In the l a t te r 
structure however, the unit f i r ing increases tonically during the 
period of occurrences of spike-wave discharge. The anterior group of 
thalamic nuclei has been reported to be involved in experimentally 
induced generalized epilepsy. Chemical inhibition of neuronal 
act iv i ty , or interruption of the mammillothalamic tract, blocked 
pentylentetrazol seizure in rats and guinea pigs (Mirski et aL 
1986; Mirski and Ferrendeli 1987). The mammillary nuclei, and the 
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reciprocal connection between the tegmental nuclei and the anterior 
thalamic nuclei, have both been proposed to be important in the 
mediation of this type of seizure (Mirski et al. 1986). So far 
however, no evidence has been reported that these areas have an 
influence on the spike-wave discharges of the genetically determined 
rat model for the absence epilepsy. Since tonic activity in the IAM 
appeared after the onset of spike-wave discharges, the IAM may play 
a role in maintaining the spike-wave discharges. Alternatively, the 
IAM could be secondarily affected by the occurrence of spike-wave 
discharges. 
Dominance of unit firing in the onset period of spike-wave 
discharges was observed in some areas of the specific relay nuclei. 
This feature is accompanied by an increased spike frequency of 
spike-wave complexes, suggesting a possible role of these areas in 
the generation or the propagation of the spike-wave discharge. 
Within the specific and the MD nuclei, a phase shift of the 
synchronized unit firing was observed. The ventroposterior nuclei 
fired earl iest and they were followed by MDL and VL. The question 
arises how these phase differences originate. The RT nucleus is 
assumed to play a main role in synchronization and propagation of 
thalamic rhythmic activity as mentioned above. In addition to the 
emergent property of the network of thalamo-cortical neurons and RT 
neurons, mutual inhibition among RT neurons (Ahlsen and Lindstrom 
1982) by intra-RT collateral axons of RT neurons is assumed to play 
a role in synchronizing the rhythmic oscillations (Shosaku et al. 
1989). This nucleus is loosely divided into sub-areas which 
correspond to the different thalamic nuclei (Jones 1975; Shosaku et 
aL 1989). It is possible that phase shifts between these 
different sub-areas of the RT nucleus underlie the different phase-
shifts in the specific nuclei. Phase-shifts in spike-wave activity 
has also been observed between the different cortical areas, both in 
Fisher 344 rats (Buzsáki et aL 1988a) and in the WAG/Rij ra ts 
(Inoue, unpublished observation). Hence, phase-shifted unit firing 
in the different thalamic specific nuclei may be directly 
represented in the corresponding cortical areas. 
Phase-shifts were also a prominent feature of the depth EEG 
recordings. Rhythmic field potentials were recorded in most of the 
thalamic areas investigated, regardless of the existence of rhythmic 
unit activity at the recording si te . The rhythmic field activity 
contained a positive spike-component which was almost concurrent 
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with the cortical surface negative spike-component. Phase-shif ts in 
this positive component were observed, but these sh i f ts did not 
necessarily correspond to the phase dif ferences of unit act iv i ty . I t 
should be kept in mind that the local f ie ld act iv i ty does not only 
represent local action potentials or synaptic act iv i ty , but is also 
influenced by act iv i ty from surrounding structures by volume 
conductance. Summation of those act iv i t ies may generate complicated' 
responses in the monopolarly recorded local f ie ld potent ials. For 
example, the f ie ld potentials in the ventroposterior nuclei may be 
influenced by delayed act iv i ty in the RT and vice versa. Similarly 
the medial part of the VL may be affected by potentials of the CL-PC 
or by surrounding areas which produce negative potentials, preceding 
the positive peak in the medial part of the VL. At any rate , i t is 
clear that i t is d i f f i cu l t to extrapolate from depth EEG data to 
spike unit f i r ing. 
There are some discrepancies of onset or duration between the 
periods of cortical spike-wave discharges and local f ie ld potentials 
a t some recording si tes of the VPL, the VPM, and the VL. These might 
be due to a dif ference between the projection area of these 
recording si tes and the frontal cortical area where spike-wave 
act ivi ty was registered. Usually, cortical spike-wave discharges in 
d i f fe ren t cortical areas have a simultaneous onset and a similar 
duration, but exceptions have been noted (Inoue, unpublished 
observat ion) . This issue could be c lar i f ied with the use of multiple 
cortical recordings, along with recordings of thalamic unit 
act iv i ty . 
The presently described depth profi le of cortical f ie ld 
potentials is part ia l ly similar to the one previously reported for 
spike-wave high-voltage spindle act iv i ty in rats, where variable 
phase shi f ts in the deep positive peak in high-voltage spindle 
act ivi ty was reported (Buzsáki et aL 1988b). In the present 
study, the surface negative peak component reverses, in layer V to a 
positive component with a maximum in layer VI. However, in contrast 
to the study of Buzsáki. the phase of the surface negative peak and 
the depth posit ive peak was the same and phase variat ions were only 
seen in layers where polarity reversed. 
In conclusion, the present data are generally in line with recent 
hypotheses for the thalamic generation of rhythmic oscil lations 
based on interaction between thalamic ret icular and specif ic relay 
nuclei (Steriade and Llinás 1988; Buzsáki 1991). However, these 
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hypotheses are f o rmu la ted f o r genera l rhy thm ic o s c i l l a t o r y a c t i v i t y 
in the tha lamus. I t should be kep t in mind, however, t h a t the 
p rope r t i es o f e p i l e p t i c sp i ke -wave d ischarges d i f f e r f rom those o f 
phys io log i ca l o s c i l l a t i o n s such as sp ind les . Some o f the p resen t 
f i n d i n g s , such as the wave-concur ren t a c t i v i t y in the CL-PC nuc le i 
and the ton ic a c t i v a t i o n dur ing s p i k e - w a v e d ischarges in the IAM 
nucleus, sugges t t h a t these nuc le i may play a ro le in the genera t ion 
or modu la t ion o f sp i ke -wave d ischarges , wh i l e i t is poss ib le t h a t 
they are no t i nvo l ved in the phys io log i ca l rhy thms , ment ioned above. 
The f u n c t i o n o f these nuc le i under these cond i t i ons remains to be 
e luc ida ted in d e t a i l in f u t u r e s t u d i e s . 
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Chapter VI 
GENERAL DISCUSSION 
In the present thesis, mechanisms underlying spike-wave 
discharges in WAG/Rij ra ts are extensively investigated. As shown in 
Chapter II, spike-wave activity, which spontaneously occurs in 
different inbred s t rains of ra ts in various amounts of incidence, is 
likely to be an inherited trait. In fact, since the expression of 
spike-wave activity is diverse as seen in the different number and 
duration of the spike-wave discharges in the various inbred strains, 
this phenomenon seems to be generated and controlled by multiple 
inherited factors. These factors may be related either to the 
specific epileptic phenomenon or to physiological mechanisms, which 
are thought to underlie such activity. 
For both the physiological and the pathological rhythmic 
activity, there are indications that the thalamus plays a crucial 
role (Steriade and Llinás 1988). Thalamic involvement into epileptic 
spontaneous spike-wave discharges in the WAG/Rij ra ts was 
demonstrated indirectly (Chapter III) as well as directly (Chapter 
V). 
In the visual system, which was investigated in chapter III, the 
thalamic relay nucleus, the lateral geniculate nucleus (LGN) is 
considered to be the main stage where afferent signals arriving 
from visual receptors can interfere with efferent systems before 
reaching the visual cortex as far as the retino-geniculo-cortical 
pathway is concerned. Hence, changes seen a t the output of the LGN, 
the visual cortex, directly reflect al terations in thalamic 
transmission (Singer 1977). Cortically recorded visual evoked 
potentials (VEPs) and their modification reflect both thalamic and 
cortical changes in excitability. Reductions in the amplitude of the 
early component of the VEPs during spike-wave discharges are likely 
to be caused by the highly developed rhythmic inhibition of thalamic 
cells during these spike-wave periods. Moreover, afferent volleys, 
- 8 1 -
under ly ing the VEPs, are able to r e s e t the tha lamic o s c i l l a t i o n s . 
In chapter V. a tha lamic i nvo lvement in the sp i ke -wave d ischarges 
was d i r e c t l y demons t ra ted . In the s p e c i f i c re lay nuc le i , un i t s f i r e d 
concur rent w i t h the sp ike-component o f the sp i ke -wave complexes; the 
f i r i n g s l i g h t l y preceded the sp ike -component and the u n i t a c t i v i t y 
in the co r t i ca l o u t p u t layers . Uni ts in the r e t i c u l a r tha lamic 
nucleus f i r e d j u s t a f t e r the a c t i v i t y i n the s p e c i f i c re lay nuc le i . 
The r e s u l t s are in l i ne w i t h a hypo thes i s accord ing to which 
rhy thmic o s c i l l a t i o n s are due to emergent ne twork p rope r t i es , based 
on i n t e r a c t i o n s between the t ha lamo-co r t i ca l ce l l s and the tha lamic 
r e t i c u l a r nucleus (Buzsák i 1991). A c t i v i t y r e l a t e d to s p i k e - w a v e 
d ischarges was a l so seen in the i n t r a l a m i n a r and a n t e r i o r tha lamic 
nuc le i , imp ly ing t h a t these s t r u c t u r e s con t r i bu te to the genera t ion 
or modu la t i on o f s p i k e - w a v e d ischarges. Some compounds have been 
shown to have p ro found e f f e c t s on rhy thm ic o s c i l l a t i o n s , f o r example 
GABA-mimet icorNMDA-mimet icsubs tances .Etomida te which was t es ted 
in pa r t 1 o f chapter IV, enhanced the inc idence o f both sp ind les 
and s p i k e - w a v e d ischarges. This drug m igh t a f f e c t phys io l og i ca l 
rhy thmic o s c i l l a t o r y sys tems d i r e c t l y as a GABA agon is t . 
To draw conc lus ion w i t h respec t to the mechanisms, e s s e n t i a l f o r 
the genera t ion o f sp i ke -wave a c t i v i t y , i t i s no t s u f f i c i e n t to 
cons ider on ly tha lamic e lements themse lves and t h e i r p rope r t i e s . 
These ce l l s are h igh ly in f luenced by inpu ts f rom ou ts ide the 
tha lamus and i t i s t he re fo re necessary to unders tand the impact o f 
the l a t t e r on tha lamic ce l l p rope r t i e s . One i n t r i n s i c membrane 
proper ty o f tha lamic ce l l s , Ca2*- dependent l o w - t h r e s h o l d sp i kes 
(LTS), p lays a s i g n i f i c a n t ro le in the rhy thm ic o s c i l l a t o r y f i r i n g 
mode (Ster iade and L l i nás 1988). These LTS are norma l l y i n a c t i v a t e d , 
when the membrane i s ou ts ide a ce r ta in hyperpo la r i zed p o t e n t i a l 
range. Thalamic ce l l s can e i t he r f i r e t on i ca l l y a t p o t e n t i a l s above 
t h i s hyperpo la r i zed p o t e n t i a l s o r cease to f i r e a t deep 
hyperpo la r i zed l e v e l s (Sumitomo et aL 1988, 1989; Avanz in i et 
aL 1989). Only when the membrane p o t e n t i a l is w i t h i n the d e f i n i t e 
hyperpo la r i zed range do LTS appear because o f d e - i n a c t i v a t i o n and 
rhy thmic tha lamic f i r i n g r e s u l t s . The d i f f e r e n t l eve l s o f membrane 
p o t e n t i a l s are b rough t about by con t ro l s i g n a l s ou ts ide f rom the 
tha lamus such as the b ra ins tem core w i t h i t s cho l ine rg ic and 
monoaminerg ic sys tems , or the basa l f o r e b r a i n (Shosaku 1989; 
Ster iade and McCarley 1990). Accord ing ly , these modu la to ry sys tems 
may no t on ly a f f e c t phys io log i ca l r hy thm ic o s c i l l a t i o n s bu t a lso 
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spike-wave discharges. These systems affect experimentally induced 
spike-wave discharges. Both cholinergic and adrenergic drugs affect 
also the incidence of spontaneous spike-wave discharges in ra ts 
(Buzsáki et al. 1988. 1991). With regard to the cholinergic 
system, the basal forebrain is assumed to have modulatory effects on 
thalamic rhythmicity via the reticular thalamic nucleus. Activation 
of the nucleus basalis depolarizes thalamic reticular neurons in 
rats (Shosaku et aL 1989). In this case, the membrane potential 
is outside the range of rhythmic oscillations when the animals are 
in a s ta te of cortical desynchronization. Another important source 
of input to the thalamus is provided by the superior colliculus. As 
explained in the general introduction, the nigro-collicular system 
may be involved in suppression of existing spike-wave discharge 
(Gale 1985; Depaulis et aL 1990). The la t ter is expected to be 
due to a disturbance of the oscillatory mode in the thalamus by 
massive inputs from the superior colliculus, which are released from 
the inhibitory control from the substantia nigra. 
The mechanisms mentioned above, refer to general rhythmic 
oscillatory activity in the thalamus. The epileptic spike-wave 
discharge has some specific properties which are different from 
those of the physiological rhythms such as spindles. Spike-wave 
discharges differ from these rhythms in that i) there is a sharp 
negative spike-component which is thought to represent highly 
synchronized activity; ii) in young rats , during the f irs t 2 or 3 
months of life spike-wave activity is absent (Coenen and Luijtelaar 
1987), while physiological activity such as spindles is present. 
iii) some drugs, such as dopamine D2 receptor antagonists enhance 
the occurrence of spike-wave discharges, without affecting spindle 
activity (chapter IV). The two first elements may be related to the 
specific mechanisms underlying spike-wave discharges. It is likely 
that physiological rhythms, such as spindles, develop into spike-
wave activity due to some poorly understood "aberrant factors". The 
third element is related to the modulation rather than to the 
generation of spike-wave discharges. The compound investigated in 
part 2 of chapter IV, fentanyl-fluanisone solely potentiates 
spike-wave activity. This is probably because fluanisone is a 
D2-antagonist (Van Wijgaarden et aL 1987), which potentiates 
already existing spike-wave discharges (Warter et aL 1988) but 
does not induce them. Dopamine, on the other hand, is thought to 
suppress aberrant spike-wave activity, but the precise mechanism for 
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this suppression sti l l remains to be elucidated. 
The specific mechanism underlying spike-wave generation, is 
currently studied intensively. In the penicillin-induced spike-wave 
activity, cortical hyper-excitability has been suggested to be a 
critical element (Gloor 1988). Non-epileptic ra ts show spike-wave 
discharges after subconvulsive doses of pentylenetetrazole (PTZ) 
Buzsáki et aL 1990; Marescaux et aL 1984). It seems probable 
that physiological rhythmic activity develops into spike-wave 
discharges in non-epileptic rats. The place of action for PTZ is not 
determined yet. An important indication may be that the PTZ-induced 
generalized convulsions are suppressed by destruction of the 
anterior thalamic area or by blockade of the pathway between the 
tegmental nuclei and the anterior thalamus (Mirski et al. 1986). 
In Chapter V, tonically activated unit activity was observed in the 
anterior part of thalamus during spike-wave discharges. This implies 
a specific role for this area of the thalamus in the modulation of 
spontaneous spike-wave activity in the WAG/Rij ra ts as well. So far, 
it is not known yet where the "aberrant factor" is located. It 
might either be related to abnormal receptor function or to wrongly 
driven network systems. Receptor binding studies could provide 
information on this topic. In addition, further studies such as 
described in chapter V, make it possible to trace the s i te of origin 
and the pathway, along which the newly generated spike-wave activity 
travels before reaching the cortex, where it is expressed as the 
signature of absence epilepsy. 
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SUMMARY 
Spike-wave discharges are a quite common phenomenon in rodents. 
Behavioral, pharmacological and electrophysiological characteristics 
accompanying spike-wave discharges suggest that these discharges in 
rodents are equivalent to those in humans. Spike-wave discharges are 
especially prominent in some inbred s t rains of ra ts . In particular, 
it was shown that ra ts of the WAG/Rij strain, in which all 
individuals have spontaneous spike-wave discharges, can be used as a 
genetically determined model for absence epilepsy. 
In this thesis, the results of four types of experiments are 
reported, which aim to investigate the characteristics and the 
generating mechanisms of spontaneously occurring spike-wave 
discharges in ra ts of the WAG/Rij strain. In the comparative 
experiment, reported in chapter II, the number and duration of 
cortical registered spike-wave discharges were studied in four 
inbred s t rains of ra ts (G/Cpb, B/Cpb, BN/BiRij, ACI) and compared to 
those of the WAG/Rij strain. The value of both parameters increased 
in the following order: ACK BN/BiRij < B/Cpb < G/Cpb < WAG/Rij, 
whereby the ACI strain was almost free of spike-wave discharges and 
the WAG/Rij strain showed the highest amount of spike-wave activity. 
The results of this experiment could be used as indices for further 
biochemical, pharmacological and genetic studies on spike-wave 
discharges. 
In the experiment, reported in chapter III, sensory information 
processing during spike-wave discharges was investigated in ra ts of 
the WAG/Rij strain. In human patients, suffering from absence 
epilepsy, unresponsiveness to external stimuli during absence 
attacks is a well-known feature. In our experiments in ra ts , visual 
evoked potentials (VEPs) were recorded during spike-wave discharges 
and compared with VEPs during normal sleep-wakefulness s tages. In 
the lat ter conditions almost similar VEPs were recorded during 
wakefulness and REM sleep. The N1 component of the VEPs was the same 
under all sleep-wakefulness conditions, whereas the second positive 
peak (P2) was considerably larger during slow-wave sleep. The VEPs 
during spike- wave discharges showed some characteristics which are 
very similar to those seen during slow-wave sleep, namely the 
increase of the P2 amplitude and the diminished P2-N3-P3 complex. 
However, VEPs during spike-wave discharges also showed some specific 
changes, which were not seen during normal sleep- wakefulness 
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stages. In particular, a decrease in the N1 amplitude, an increase 
of the P4 amplitude and an enhanced afterdischarge were 
characteristic for VEPs during spike-wave discharges. These findings 
indicate sensory alterations during a spike-wave discharge. The 
decrease of N1 suggests that afferent information can not reach the 
cortex during this rhythmic oscillatory mode. Such alterations may 
underlie the lowered responsiveness to external stimuli during 
spike-wave activity. 
In the experiment reported in chapter IV, two anesthetic drugs, a 
short acting, clinically used hypnotic agent, etomidate, and a 
neuroleptic analgesic agent, Hypnorm (a combination of fentanyl and 
fluanisone) were tested in WAG/Rij ra ts . Both drugs appeared to have 
a facilitatory effect on spike-wave discharges. They produced this 
effect in different ways. Etomidate has GABA-mimetic properties; 
this drug enhances the incidence of both spindles and spike-wave 
discharges and this may affect the physiological rhythmic 
oscillatory systems. On the other hand, Hypnorm exhibits a 
combination of opioid agonistic features and dopamine D2 receptor 
antagonistic characteristics. Hypnorm enhances the occurrence of 
spike-wave discharges only and does not affect spindle activity. The 
facilitatory effect might be caused by the dopamine- antagonistic 
action of fluanisone and by a release of inhibitory control over 
pre-existing spike-wave discharges. In fact, the non-epileptic rat 
was not affected. 
The use of this type of drugs makes it possible to investigate 
spike-wave discharges in anesthetized immobilized animals. In the 
experiment, reported in chapter V, Hypnorm was used to make multiple 
unit recordings in immobilized animals. In order to study mechanisms 
that generate or modulate spike-wave discharges in rats , neural 
activity was recorded from cortex and thalamus, together with the 
cortical spike-wave discharges. EEG-triggered analysis was used to 
demonstrate the correlation in time between cortical spike-wave 
discharges, and subcortical and cortical multiple unit activit ies. 
The unit activity in the specific thalamic nuclei preceded the peak 
of the spike-component. The burst in the thalamic reticular nucleus 
came later and was broader than in the specific nuclei. A 
wave-concurrent firing pattern was observed in the intralaminar 
central lateral and paracentral nuclei. Cells in the central median 
and the interanteromedial nuclei did not fire in a phase-locked 
manner, but the la t ter was usually tonically activated during 
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spike-wave discharges. It is suggested that the thalamic nuclei. 
which are thought to be involved in cortical spindles, play also a 
role in the generation of epileptic spike-wave activity. The 
findings in the central lateral and paracentral nuclei and 
interanteromedial nucleus indicate that these areas might be 
involved in specific modulation of this spike-wave activity. 
The results from all experiments are summarized and discussed in 
chapter VI. Four types of mechanisms may underlie the occurrence of 
spike-wave discharges. Involvement of thalamic rhythmic oscillation 
is suggested by the data in this thesis. The modulation of the 
rhythmic oscillation is demonstrated by other researchers to be due 
to activity from the brainstem reticular formation and nigro-
collicular systems. The specific mechanism for spike-wave discharges 
is expected to underlie the transition from physiological rhythmic 
oscillations into spike-wave discharges. Finally, a system 
specifically controlling the occurrence of spike-wave discharges 
exis ts in the form of dopaminergic projection. So far, it is not 
exactly known yet what the neural substrate is for the las t two 
elements mentioned. Future studies may elucidate these questions. 
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SAMENVATTING 
Piek-golf ontladingen komen frequent voor bij knaagdieren. 
Gedragsmatige, farmacologische en electrofysiologische verschijn­
selen die piek-golf complexen begeleiden, doen vermoeden dat deze 
ontladingen het equivalent zijn van de piek-golf complexen die men 
bij de mens kan waarnemen. Piek-golf ontladingen zijn vooral 
opvallend aanwezig bij bepaalde inteelts Lammen van ratten. In het 
bijzonder verdient vermelding de WAG/Rij stam, waarvan alle 
individuen spontane piek-golf ontladingen vertonen. Dergelijke 
ratten kunnen gebruikt worden als een genetisch model voor absence 
epilepsie. 
In deze dissertat ie worden de resultaten beschreven van vier 
typen experimenten, die tot doel hebben inzicht te geven in de 
kenmerken en ontstaansmechanismen van piek-golf ontladingen bij 
ratten van de WAG/Rij stam. In de experimenten, beschreven in 
hoofdstuk II, werden het aantal en de duur van corticaal gemeten 
piek-golf ontladingen vergelijkenderwijze bestudeerd bij vier 
inteeltstammen van ratten (G/Cpb. B/Cpb, BN/BiRij, ACI). De 
resultaten werden vergeleken met die welke bij WAG/Rij ratten werden 
verkregen. De grootte van beide parameters nam toe als volgt: ACK 
BN/BiRij <B/Cpb <G/Cpb < WAG/Rij, waarbij de ACI stam bijna geen 
piek-golf ontladingen vertoonde en de WAG/Rij stam verreweg de 
meeste. De resultaten van dit onderzoek worden gebruikt als 
indicatoren voor verder biochemisch, farmacologisch en genetisch 
onderzoek van piek-golf ontladingen. 
In het experiment, vermeld in hoofdstuk Ш, werd het verwerken 
van sensorische informatie bestudeerd tijdens piek-golf ontladingen 
bij ratten van de WAG/Rij stam. Van patiënten die lijden aan absence 
epilepsie, is bekend dat ze tijdens epileptische aanvallen niet 
reageren op externe prikkels. In het experiment werden visueel 
opgewekte potentialen (VEPs) gemeten tijdens piek-golf ontladingen; 
deze potentialen werden vergeleken met die welke tijdens de 
verschillende fasen van de normale slaap-waak cyclus waren 
verkregen. Er bleek een duidelijke overeenkomst te zijn tussen de 
VEPs die gemeten waren tijdens het waken, en de VEPs die gemeten 
waren tijdens de REM-slaap. De N1 komponent van de VEPs was 
hetzelfde tijdens alle fases van slapen en waken, terwijl de tweede 
positieve piek (P2) aanzienlijk groter was gedurende de slow-wave 
slaap. De VEPs gedurende piek-golf ontladingen vertoonden enkele 
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kenmerken die sterk leken op die welke optraden tijdens de slow-wave 
slaap, namelijk een toename van de P2 amplitudo en een afname van de 
grootte van het P2-N3-P3 complex. Niettemin vertoonden de VEPs 
gedurende piek-golf ontladingen enkele specifieke en unieke 
veranderingen, die niet voorkwamen tijdens de normale slaap-waak 
cyclus. Bijzonder kenmerkend voor VEPs tijdens piek-golf ontladingen 
was de afname in de amplitudo van N1, voorts de toename van de 
amplitudo van P4 en tenslotte verhoogde na-ontladingen. Deze 
resultaten doen vermoeden dat sensorische modificaties optreden 
tijdens piek-golf ontladingen. De afname van N1 geeft aan dat 
afferente informatie de hersenschors niet kan bereiken tijdens deze 
vorm van oscillaties. Deze sensorische veranderingen kunnen aan de 
basis liggen van de verminderde responsiviteit op externe prikkels 
tijdens piek-golf activiteit. 
In het experiment, beschreven in hoofdstuk IV, werden twee 
anesthetica getes t bij WAG/Rij ratten. Het betreft etomidaat, een 
kortwerkend hypnoticum dat in de kliniek gebruikt wordt, en hypnorm, 
dat bestaat uit een combinatie van fentanyl en fluanisone. Beide 
farmaca bleken een faciliterende invloed op piek-golf ontladingen te 
hebben. Dit effect werd evenwel op verschillende wijzen veroorzaakt. 
Etomidaat heeft GABA-mimetische eigenschappen. Het verhoogt de 
aanwezigheid van zowel slaapspoelen als van piek-golf ontladingen 
en lijkt derhalve aan te grijpen op fysiologisch oscillerende 
systemen. Hypnorm daarentegen vertoont een kombinatie van opioid 
agonistische en van dopamine D2-receptor antagonistische 
eigenschappen. Hypnorm verhoogt specifiek de aanwezigheid van 
piek-golf ontladingen en heeft geen effect op slaapspoelen. 
Het gebruik van deze farmaca maakt het mogelijk om piek-golf 
ontladingen te onderzoeken in geanesthetiseerde, bewegingloze 
dieren. In het experiment, beschreven in hoofdstuk V, werd hypnorm 
gebruikt om multiple unit afleidingen te maken in bewegingloze 
dieren. Om de mechanismen te bestuderen die aan de basis liggen van 
het ontstaan en de modulatie van piek-golf ontladingen in ratten, 
werd neurale aktivitei t in de cortex en in de thalamus afgeleid en 
deze aktiviteit werd vergeleken met corticale piek-golf ontladingen. 
Er werd gebruik gemaakt van het EEG als trigger voor een analyse van 
de tijdcorrelatie tussen corticale piek-golf ontladingen en 
subcorticale of corticale multiple unit activiteit. De 
aktiepotentialen in de specifieke thalamische kernen gingen vooraf 
aan de piek van het piek-golf complex. De aktiepotentialen in de 
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thalamische reticulaire kern traden later en gedurende een langere 
periode op dan die in de specifieke thalamische kernen. Een 
vuurpatroon, in de tijd gerelateerd aan het optreden van de golf van 
het piek-golf complex, werd geobserveerd in de intralaminaire 
centrale laterale en paracentrale kernen. Cellen in de centromediane 
en de interanteromediale kernen vuurden niet op een fase-gebonden 
wijze, maar de laa ts t genoemde kern was gewoonlijk wel tonisch 
aktief tijdens piek-golf ontladingen. Verondersteld wordt dat de 
thalamische kernen die een rol spelen bij het ontstaan van corticale 
spoelen, tevens een rol spelen bij het ontstaan van epileptische 
piek-golf aktiviteit . De gegevens, verkregen in de centraal 
laterale, paracentrale en interanteromediale kernen, geven aan, dat 
deze gebieden waarschijnlijk betrokken zijn bij de specifieke 
modulatie van deze piek-golf activiteit. 
De resultaten van alle experimenten worden samengevat en 
besproken in hoofdstuk VI. Vier soorten mechanismen kunnen ten 
grondslag liggen aan het optreden van piek-golf aktiviteit . 
Allereerst is er de betrokkenheid van thalamische ritmische 
oscillaties, zoals de data in deze disser tat ie aangeven. Andere 
onderzoekers hebben aangetoond dat de modulatie van deze ritmische 
aktiviteit tot stand komt door aktivitei t vanuit de formatio 
reticularis van de hersenstam en vanuit nigro-colliculaire 
systemen. Het specifieke mechanisme, dat ten gronslag ligt aan 
het ontstaan van piek-golf aktiviteit, heeft vermoedelijk 
betrekking op de overgang van fysiologische ritmische oscillaties 
naar piek-golf ontladingen. Tenslotte bes taa t er een systeem dat een 
specifieke controle uitoefent op het optreden van piek-golf 
ontladingen. Dit systeem bestaat uit dopaminerge projecties. 
Tot op heden is evenwel niet precies bekend wat het neurale 
substraat voor de twee laats t genoemde elementen is. Verder 
onderzoek zal hopelijk antwoord geven op deze vragen. 
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